I 

! 


I 


I 


i 

I 

i 

:  1 
■ 


i 
1 


Digitized  by  the  Internet  Archive 

in  2014 


https://archive.org/details/b20385432 


KIVEES  POLLUTIOJf  PKEVENTION  ACT,  187C 


REPORT 

TO 

THE  LOCAL  GOVERNMENT  BOARD 


BY 


DR.  R.  ANGUS  SMITH,  F.R.S., 

ONE  OF  THE  INSPECTORS  UNDEK  THE  ACT. 


PrtjSentcti  to  toff)  ijou^c^  of  ^Sarliamcitt      Coimnauii  of  ^ex  iWajeStg. 


LONDON: 

PRINTED  BY  GEORGE  E.  EYRE  AND  WILLIAM  SPOTTISWOODE, 

PKINTEK8  TO  THE  QUEEN'S  MOST  EXCELIBNT  MAJESTY. 

POE  HER  MAJESTY'S  STATIONERY  OFFICE, 


1882. 


[C— 3080.]    J?rice  lid. 


CONTENTS. 


PART  I. 

Page 

iNrEODUCTION        -                 -                 .                 .                                   -  5 

I.  Some  changes  effected  by  air  on  organic  bodies  m  water— formation  and 

destruction  of  nitrates        -          -----  g 

n.  Abstract  of  work  by  Kuhlmann,  Boussingault,  Sehloesing,  and  Reiset  -  12 

III.  Oxidation  and  reduction  of  ammonia   -         -         -         -         -  16 

IV.  Further  on  the  action  of  the  air  on  combined  nitrogen    -         _      -  24 
V.  Oxidation  and  decomposition  in  sewage.     Glasgow  sewage,  blood,  &c.  29 

VI.  Aeration  of  sewage       -                                _            ,            -  34 

VII.  Mechanical  aeration  of  sewage      -         -            -            _         -  45 

Vni.  Connection  of  the  above  with  microscopic  enquiries     -         -         -  55 

IX.  Extraction  of  ammonia  from  sewage,  by  blowing.  Extraction  of  gases, 

&c.  by  exhaustion     -         -            -            _         .            -  64 

X.  Notes  on  aeration  of  drinking  water.    Filtering  and  depositing         -  68 

XI.  Mode  of  estimating  the  transparency  of  water      -  74 


PART  II. 

Effluents  from  printworks,  dyeworks,  &c.    Miscellaneous  trials  on  coloured 

waters.   Iron  and  tin  plate  works    -            -            .            .  -  80' 

Aeration  and  oxidation  in  watery  solutions  of  soluble  sulphides  -        -  88 

Process  of  Dieuze.  The  Mactear  process.  Angus  Smith's  process.  Messrs. 

Helbig  and  Schaffner's  process.    Observations      -            .  .  . 

Appendix.— Processes  at  Messrs.  Chance's.            -             -  .  ng 


Q  7516.   Wt  7232. 


TO  THE  LOCAL  GOVERNMENT  BOARD. 


My  Loeds  and  Gentlemen, 

The  position  wliich  I  hold  as  Inspector  under  the 
Rivers  Pollution  Prevention  Act  has  led  me  to  consider  the 
question  of  water,  pure  and  impure,  from  various  points  of  view, 
and  I  have  brought  forward  several  investigations  which  I  hope 
will  be  found  of  value. 

The  first  part  relates  to  questions  which  rise  to  the  surface 
when  we  study  the  analysis  of  water,  and  mainly  to  the 
decompositions  which  take  place  in  the  organic  matter  often 
found  in  water. 

The  second  part  relates  to  the  action,  of  air  on  sewage,  abd  to 
the  mode  of  treating  sewage  so  as  to  hasten  the  aeration.  This 
includes  remarks  on  the  relation  which  the  results  bear  to 
the  latest  microscopic  inquiries  on  the  germs  of  disease,  and 
water  supply.  ' 

The  third  pai-t  relates  to  the  purification  of  sulphureous 
liquids  draining  from  alkali  works,  and  to  the  action  of  air  upon 
them ;  with  a  few  experiments  on  effluents  from  several  other 
works. 

These  inquiries  are  continuations  of  work  done  in  former 
years,  the  earliest  going  back  to  1846,  if  not  prior. 

It  is  really  so  difficult  to  come  to  a  conclusion  on  the  many 
questions  that  rise  before  one,  that  I  have  not  attempted  to  do 
much  more  than  to  give  my  results,  and  leave  them  to  do  their 
work  m  ripening  the  mind.  Further  inquiries  may  modify  all 
I  have  to  say  here,  but  I  think  the  matter  will  in  any  case  be 
of  use  on  the  road  of  progress.  I  would  call  attention  to  the 
decomposition  of  organic  matter  by  nitrates,  or  vice  versa;  the 
use  of  the  oxygen  of  the  nitrates  in  oxidizing  organic  matter 
and  giving  out  the  nitrogen  of  the  nitrates;  to  the  use  of 
aeration  m  preventing  putrefaction,  and  to  its  use  in  throwing 
down  the  sulphur  from  the  sulphides  under  the  given  con- 
ditions ;  that  is,  by  the  constant  sulphuration  and  oxidation  of 
manganese. 

If  in  some  cases  I  may  appear  to  bring  forward  earlier  papers 
m  quotation  too  often,  I  may  be  forgiven,  as  there  is  always  an 
inclination  to  put  aside  earlier  work,  and  occasionally  one  feels 
inclined  to  show  that  in  former  times  he  has  been  on  the  rio-ht 
track,  and  not  in  the  way  of  misleaders. 
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PART  I.— WATER  AND  SEWER  WATER. 

No.  I. 

Some  Changes  effected  by  Oxygen  on  Organic  Bodies  in 
Water — Formation  and  destruction  of  Nitric  Acid. 

In  a  magnificent  paper  by  Messrs.  Gilbert  and  Lawes  (Phil. 
Trans.,  1861,  p.  508),  read  in  1860,  it  is  said,  when  speaking  of 
the  sources  of  nitrogen  in  vegetation, — 

"  Other  investigations  to  which  we  have  to  call  attention  will 
throw  some  light  xipon  the  character  of  the  molecular  forces  by 
which  the  decomposition  of  nitrogenous  organic  compounds  is 
effected  under  such  circumstances  as  we  have  been  considering. 
These  forces  might  be  one  or  both  of  two  kinds  : — 

"  1.  They  might  be  of  an  oxidising  character,  analogous  to 
that  of  the  action  of  chlorine  upon  ammonia  by  which  free 

nitrogen  is  evolved.  _  .   m    x        ^  f 

"  2.  They  might  be  of  a  reducing  character  similar  to  that  ot 
a  o-reat  number  of  substances  upon  the  oxygen-compounds  of 
nitrogen,  by  which  the  oxygen  of  the  latter  is  appropriated,  and 
free  nitrogen  given  off.  , 

"  3.  These  two  actions  may  operate  m  succession  the  one  to 

the  other.  .  -  ^ 

"  It  is  well  known  that  an  oxidising  action  may  be  so  intense 
as  to  deprive  a  nitrogenous  organic  compound  of  all  its  carbon 
and  hydrogen,  converting  it  into  oxygen  compounds,  as  is  done 
by  permanganic  acid.  The  converse  action  of  the  transfoi-mation 
of  oxyo-en-compounds  of  nitrogen  into  ammonia  is  also  very  well 
known!  An  intermediate  stage  iu  either  of  these  converse 
actions  may  give  free  nitrogen." 

In  the  account  of  an  investigation  '-'on  the  amount  and 
composition  of  the  rain  and  drainage  waters  collected  at 
«  Rothampstead,  1881,"  written  by  Dr.  Lawes,  Dr.  Gilbert,  and 
Mr.  Robert  Warrington,  Part  II.,  page  25,  speaking  of  the  loss 
of  nitrates  in  the  soil,  it  is  said,—  n  ,  ^, 

"  This  reduction  in  question  has  been  effected  by  the  organic 
matter  of  the  soil,  and  has  resulted  in  the  formation  of  carbonic 
acid  o-as  A  part  of  the  nitric  acid  has  probably  been  reduced 
to  ammonia,  while  a  considerable  pavt^  of  the  nitrogen  has  most 
likely  taken  the  form  of  nitrogen  gas." 

Tlie  idea  of  such  a  decomposition  of  nitric  acid  by  organic 
substances  as  to  give  out  free  nitrogen  has  been  very  clearly  in 
the  minds  of  the  authors  named. 

I  shall  add  some  of  my  early  work  and  opinions,  as  well  as  a  page 
or  two  of  my  latest  work,  showing  that  in  some  conditions  free 
nitroc^eu  is  given  off  by  organic  substances  with  great  rapidity. 
It  may  seem  at  first  that  such  a  point  was  not  of  very  great 
importance,  but  it  has  such  an  important  bearing  on  the  pollution 
of  rivers  question,  or,  we  may  say,  rather  on  the  pimfication  ol 
w'lter  that  it  might  have  been  treated  even  more  fully  than  it 


7 


is,  and  it  seems  to  be  a  suitable  point  with  which  to  begin  the 
subject  afresh. 

In  a  previous  paper  read  in  1867,  and  in  one  in  which  I  spoke 
of  the  importance  of  examining  the  condition  of  the  organic  matter 
in  water,  and  not  merely  showing  its  amount,  I  divided  the 
organic  matter  into  seven  sections  : — 

1.  Organic  matter  decomposed  or  putrid. 

2.  Organic  matter  readily  decomposed  and  ready  to  become 

putrid. 

3.  Organic  matter  slow  to  decompose. 

4.  Recent  organic  matter. 

5.  Old  organic  matter. 

6.  Vegetable  organic  matter, 

7.  Animal  organic  matter. 
I  might  express  it  differently  now. 

I  was  interested  in  showing  the  development  of  organisms  in 
the  water  as  a  mode  of  finding  the  quality  of  the  organic  matter. 
The  idea  was  correct,  and  the  use  of  the  microscope  for  the 
purpose  correct  abstractly ;  but  the  subject  must  pass  into  the 
hands  of  men  who  have  devoted  much  time  to  the  study  of  the 
changes  which  take  place  in  minute  forms.  I  think  I  was  right 
in  my  mode  of  dividing  the  organic  matter  chemically;  and, 
seeing  that  the  study  of  the  germs  of  disease  threatens  to  be 
difficult  and  complicated  for  a  long  time  to  come,  it  seems  to  be 
the  duty  of  chemists  to  do  something  towards  examining  ques- 
tions relating  to  organic  matter  in  their  own  way.  I  have 
turned,  therefore,  more  of  late  to  the  study  of  changes  which 
take  place  in  the  ammonia,  nitric  acid,  and  oxygen,  so  as  to  find 
by  cheinical  methods  if  the  water  has  active  organic  matter 
in  it.  I  do  not  say  that  I  have  made  much  progress  in  it, 
but  I  have  done  some  work  which  seems  to  me  interesting. 

I  may  as  well  here  give  an  extract  showing  some  of  my 
previous  views  and  procedure  (Mem.  Lit.  and  Phil.  Soc,  Man- 
chester, 1867)  :— 

"If  the  water  contains  organic  matter  in  solution,  or  in  a 
condition  approaching  in  all  appearance  to  solution,  it  may  be 
wholesome  or  unwholesome.  The  mere  existence  of  organic 
matter  is  no  proof  of  impurity.  We  must  know  if  it  brings 
animalcules  or  vegetable  life,  or  products  of  putrefaction.  We 
must  know  the  quality  as  well  as  the  quantity.  If  the  matter 
is  peaty,  consistmg  of  the  ordinary  humous  class  of  acids  and 
salts,  the  colour  may  be  very  dark,  and  the  water  very  un- 
pleasant to  look  at,  without  being  in  any  way,  so  far  as  I  have 
ever  heard,  injurious  to  health,  although  such  water  cannot  be 
quite  so  wholesome  as  pure  water,  since  the  oxygen  of  solution 
is  diminished.  The  taste  and  other  sensible  qualities  will  be 
the  chief  guides. 

"  If  the  matter  is  wholly  or  nearly  colourless  it  may  still  be 
wholesome  or  unwholesome.  It  may,  for  example,  contain  the 
juices  of  plants  of  a  wholesome  cliaracter.  If  these  juices  arc 
fresh  they  may  do  no  injury  ;  but  they  will  not  remain  long 
fresh ;  they  will  putrefy.     Water  containing  organic  matter 
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ready  to  putrefy  ought  to  be  avoided,  as  we  cannot  tell  when 
the  moment  of  danger  begins,  whilst  the  quality  at  best  is  never 
known  to  us  exactly, 

"  To  ascertain  the  nature  of  the  organic  matter  the  water  is 
allowed  to  stand  for  a  day  or  two,  in  which  case  it  may  be 
found  that  organised  bodies  show  themselves.  Sometimes  plants 
seem  completely  to  fill  the  vessel,  having  come  out  of  a 
moderately  clear  solution.  When  standing  in  this  case,  the 
water  must  be  prevented  from  evaporating,  and  it  must  be  in 
glass,  so  as  to  be  exposed  to  light ;  a  temperature  suiting  vege- 
tation is  also  to  be  given.  Animalcules  may  appear  in  great 
numbers.  They  are  an  indication  of  nitrogenous  matter,  and  one 
proof  of  the  presence  of  substances  capable  of  putrefaction.  It 
may  be  that  some  form  of  putrefaction  will  be  the  only  result ; 
but  whether  this  occurs  alone,  or  along  with  organised  forms, 
an  excess  of  organic  matter  is  proved.  Water  that  will 
not  bear  the  test  of  standing  will  in  most  cases  be  rejected  at 
once.  If  no  other  can  be  obtained,  it  ought  to  be  used  before 
the  putrefactive  process  has  begun ;  but  this  is  very  dangerous. 
The  next  best  method  is  to  wait  till  after  putrefaction  has 
terminated,  and  the  products  are  separated  as  much  as  possible. 
This  is  popularly  known  to  be  the  case  when  the  water  has  for 
some  time  become  clear  and  colourless  and  fi'ee  Irom  smell  and. 
taste." 

"  Water  with  green  organic  matter  in  suspension  or  semi- 
solution  is  generally  full  of  germs  of  living  things  and  nauseous 
to  the  taste." 

The  oxidation  of  nitrogen  has  been  a  favourite  subject  of  late, 
but  I  should  not  think  of  attending  to  it  for  that  reason. 
However,  it  may  be  known  to  a  few  chemists  that  I  made  nitric 
acid  or  nitrates  from  organic  matter  in  water  at  a  very  early 
stage,  as  seen  in  the  vol.  of  the  Trans,  of  the  British  Association 
in  1848.    I  cannot,  therefore,  be  said  to  be  late  in  the  field. 

Regarding  the  deoxidation  I  may  quote  from  my  paper  of 
1867,  speaking  of  nitrates  :  "  the  oxygen  seems  to  be  removed  as 
the  oxygen  of  the  air  is,  leaving  the  nitrogen  to  pass  off  as  gas." 
Mem.  Lit.  and  Phil.  Soc.  of  Manchester,  vol.  4,  ser.  3rd, 
1867-8. 

When  doing  the  first  experiments,  spoken  of  in  1 848,  I  used 
generally,  if  not  always,  yeast  for  the  organic  matter,  and  I  did 
not  give  to  the  organised  bodies  the  credit  of  producing  the 
action.  The  interesting  experimentp,  however,  of  M.  Schloesing 
and  of  Mr.  llobert  Waringtun  cause  eveiy  one  to  reconsider  the 
subject.  I  suppose  M.  Pasteur  gave  the  first  idea  of  the  action 
of  organisms  in  nitration,  but,  so  far  as  I  remember,  did  not 
prove  it.  The  idea  that  all  nitrates  are  the  pi'oducts  of  oxida- 
tion of  animal  matter  in  contradistinction  to  vegetable  is  another 
point  which  compels  us  to  think  over  the  subject.  I  have 
always  objected  to  the  opinion  that  tliey  were  the  products 
special  of  animal  life,  knowing  that  my  own  experiments  were 
made  with  vegetable  substances.  It  has,  on  the  other  hand, 
been  said  (long  ago  in  conversation  with  me, — I  do  not  remember 
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if  the  idea  is  published,)  that  probably  the  vegetable  life  passed 
into  aniraalcular  life,  and  thus  nitrates  were  the  products  6nly 
of  animals.  This  is  hypothesis,  and  cannot  go  far.  We  must 
separate  the  idea  of  the  action  of  Bacteria,  or  any  vegetable 
or  animal  forms  of  organic  matter,  from  the  idea  that  organic 
matter  must  itself  be  animal  before  it  passes  into  nitrates, 
leaving  it  possible  that  nitrates  may  come  from  decomposing 
vegetation. 

Then,  again,  the  drainage  of  peat  lands  frequently  contains 
nitrates,  as  we  know,  in  great  abundance^  but  the '  peat  itself  is 
not  remarkable  for  much  animal  life.  I  find  Mr.  Warinsfton 
thinking  otherwise  as  to  the  amount  of  nitrates.  Our  ex- 
periences differ  on  this  poiut,  but  there  is  a  great  variety  of  peat. 

On  account  of  these  facts  the  conditions  become  complicated, 
and  I  am  now  led  to  believe  the  following : — 

1.  Animal' or  vegetable  matter  containing  nitrogen  produces 
nitrates  by  oxidation  under  certain  conditions,  with  and  without 
organisms. 

2.  Inorganic  matter  containing  ammonia  does  the  same. 

3.  Albuminous  matter  in  a  putrefactive  condition,  if  exposed 
to  excess  of  air,  produces  an  oxidation  of  organic  nitrogen. 

4.  A  peculiar  putrefactive  condition  produces  a  deoxidation  of 
'niti'ates.  In  some  conditions  nitrogen  is  eliminated  as  aras,  the 
oxygen  going  to  the  carbon  in  whole  or  in  part.  In  weak 
solutions,  containing  water  enough  to  absorb  the  carbonic  acid, 
nearly  pure  nitrogen  may  be  obtained  with  considerable  rapidity! 

Two  of  these  propositions  may  require  proof  and  explanation. 

It  will  be  seen  in  this  view  of  the  question  that  nitrogenous 
bodies  have  a  peculiar  power  of  taking  up  oxygen  and  of  giving 
it  out.  They  seem  to  be  used  for  the  purpose  of  purifying- 
organic  substances  as  transferrers  of  oxygen.  Although  we  have 
not  proved,  so  far  as  I  know,  that  in  cases  of  great  impuritv 
nitrates  are  formed,  and  their  oxygen  given  out  afterwards,  ye't 
we  can  prove  that  when  the  impurity  is  moderate  nitrates  are 
formed,  and  in  any  case  they  give  out  their  oxygen  in  this  way 

The  escape  of  free  nitrogen  from  solutions  of  organic  inatter 
has  been  noticed,  by  Keiset,  for  example,  (see  Jahresbericht  der 
Chemie  fur  1856,  p.  806,)  and  by  myself,  in  the  examination  of 
the  gases  of  putrefaction,  in  1863  (Mem.  of  the  Lit.  and  Phil. 
Soc.  of  Manchester).  I  certainly  doubted  if  this  was  an  action 
of  organisms  when  I  found  that  the  nitrogen  was  evolved  at  a 
heat  equal  to  160°  F.  or  71*1°  C.  At  the  same  time  there  was 
evolved  a  great  deal  of  sulphuretted  hydrogen.  The  putrefactive 
substance  then  used  was  blood  very  much  diluted. 

I  had  occasion  lately  to  examine  several  mixtures.  One  was 
formed  by  the  evaporation  of  urine,  and  some  fceces  in  the 
process  for  drying  einployed  by  Mr.  Alfred  Fryer  ;  and,  revert- 
ing to  my  old  idea  that  nitrogen  might  be  given  off,  I  put  nitrate 
of  potash  in  various  amounts  into  solutions  of  the  substance. 
Bubbles  of  gas  began  to  escape  next  day,  and  in  some  cases 
came  off  with  great  rapidity  and  regularity,  i.e.,  about  one 
bubble  in  three  seconds. 
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Many  organic  fluids  were  tried,  but  the  same  rapidity 
was  not  obtained  by  any  other,  although  nitrogen  was  found 
escaping  from  blood,  egg  albumen,  and  flour  paste  in  the  same 
conditions,  that  is,  the  putrefactive  state  being  overpowered 
by  nitre.  It  did  not,  however,  escape  so  rapidly  as  in  the  liquid 
mentioned  previously. 

The  nitrate  of  potash  was  decomposed  and  ceased  to  be  found 
in  the  liquid.  Sulphuretted  hydrogen  did  not  exist,  or  it  was 
found  in  minute  quantities  only,  and  it  was  clear  that  the  action 
was  entirely  difierent  from  putrefaction  simple.  The  gas  was 
frequently  collected,  and  it  was  found  to  contain  very  little, 
sometimes  only  a  trace  of,  carbonic  acid.  At  the  same  time  the 
action  seemed  to  be  caused  by  organisms  ;  that  is,  it  took  place 
in  liquids  which  had  a  great  amount  of  organic  matter  ready  to 
assert  itself.  And  this  I  leave  for  the  moment,  under  a  belief 
that  this  may  be  a  kind  of  fermentation ;  certainly  it  seems  a 
very  new  kind.  It  is  like  a  reversed  putrefaction,  and  must  be 
carefully  noted  down  in  considering  the  action  of  disinfectants. 

This  action  not  being  quite  the  same  as  that  found  by 
Schloesing,  where  nitrogen  was  slowly  given  out,  I  put  down 
here  many  of  the  experiments  to  illustrate  it : — 

1.  1100  c.  c.  of  water,  containing  10  per  cent,  of  excreta 
(concentrated  by  Fryer's  apparatus),  gave  off  no  gas  during 
2^  months. 

2.  1100  c.  c.  of  water,  containing  10  per  cent,  of  excreta  and 
2  grms.  KNO3  (nitre),  commenced  to  give  off  gas  after  12  hours. 
The  gas  collected  over  water 

N  =  98-4  per  cent.    CO2  =  1*6  per  cent. 

3.  1100  c.  c.  of  water,  containing  10  per  cent,  of  excreta  and 
2  grms.  nitre,  gave  off  218  c.  c.  of  pure  nitrogen  when  collected 
over  water.    (2  grms.  nitre  contain  220'6  c.  c.  N.) 

4.  340  c.  c.  of  water,  containing  10  per  cent,  excreta  and 
0'6  grm.  nitre  per  litre,  gave  off  14-8  c.  c.  nitrogen  collected 
over  water.    (The  nitre  contained  18*7  c.  c.) 

5.  350  c.  c.  of  water,  containing  10  per  cent,  excreta  and 
I'O  grm.  nitre  per  litre,  gave  off  38  c.  c.  N  collected  over  water. 
(The  niti-e  contained  37  "4  c.  c.) 

6.  350  c.  c.  of  water,  containing  10  per  cent,  excreta  and 

0-  25  grm.  nitre  per  litre,  gave  off  7-5  c.  c.  N  collected  over 
water.    (The  nitre  contained  9"C  c.  c.) 

7.  340  c.  c.  of  water,  containing  10  per  cent,  excreta  and 

1-  0  grm.  nitre  per  litre,  gave  off  38-0  c.  c.  N  collected  over 
water.    (The  nitre  contained  37"4  c.  c.) 

8.  320  c.  c.  of  water,  containing  10  per  cent,  excreta  (fresh 
sample)  and  0*5  grm.  nitre,  gave  off  53'8  c.  c.  N  collected  over 
water.    (The  nitre  contained  55*1  c.  c.) 

9.  330  c.  c.  of  water,  containing  10  per  cent,  excreta  (as  No.  8) 
and  1-0  grm.  nitre.    Gas  collected  over  water  was  nitrogen  only. 

10.  6  GO  c.  c.  of  water,  containing  10  per  cent,  excreta  (as 
No.  8)  and  5*0  grms.  nitre.  Gas  collected  over  water  was 
nitrogen  only. 
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11.  1100  c.  c,  of  10  per  cent,  excreta  from  a  previous  experi- 
ment, with  2  grms.  nitre,  were  mixed  with  a  second  quantity 
of  2  grms.  nitre.  Decomposition  commenced  at  once,  but 
continued  very  slowly.  A  gas  evolution  went  on  for  many 
days.    Liquid  became  strongly  alkaline. 

12.  1100  c.  c.  of  10  per  cent,  excreta  from  a  previous  ex- 
periment, with  2  grms.  nitre,  were  mixed  with  1,980  c.  c.  of 
water  containing  2  grms.  nitre  in  solution.  Decomposition 
commenced  at  once ;  the  gas  collected  over  water  was  pure 
nitrogen.    Liquid  became  strongly  alkaline. 

13.  440  c.  c.  10  per  cent,  excreta  (as  No.  8)  and  5  grms. 
nitre  were  heated  to  (120°-125°  F.)  ;  gave  off  gas  after  30 
hours.  The  speed  was  much  slower  than  in  those  experiments  at 
the  ordinary  temperature. 

14.  Putrid  blood  +  3  grms.  nitre  gave  off  much  gas,  which, 
when  collected  over  water,  consisted  of  pure  nitrogen. 

15.  1100  c.  c.  urine  +  0'5  gTm.  nitrate  of  ammonia  +  5  c.  c. 
putrid  urine,  gave  off  70  c.  c.  of  N. 

16.  Egg  and  water  with  nitre  gave  off  gas  consisting  of 
77"8  per  cent.  N  and  22-2  per  cent.  COj,  collected  over  mercury. 
When  collected  over  water  the  nitrogen  only  was  obtained. 

17.  Blood  with  (NH4)2C03  carbonate  of  ammonia  and  KNOg 
gave  off  gas,  which  consisted  of  nitrogen  when  collected  over 
water. 

18.  To  a  quantity  of  blood  which  had  stood  several  weeks 
without  apparent  change  about  2  grms.  KNOj  were  added ;  a 
brisk  evolution  set  in  after  2  days. 

Gas  collected  over  mercury  =  N  =  92-6,  COg  =  7j4. 

Gases  collected  over  Mercury. 

19.  406  c.  c.  blood  +  1  grm.  KNOg  gave  off  gas  consisting  of 
96"1  per  cent.  N  and  3  9  per  cent.  COg. 

20.  Flour  paste  +  1  grm.  KNOg  gave  off  gas  consisting  of 
N  =  97-0,  CO,  =  3-0. 

21.  Flour  paste  +  2  grms.  KNOg  gave  off  gas  consisting  of 
N  =  6-4,  CO2  =  93-6. 

22.  Egg  diluted  with  8  vols,  of  water  KNO3  gave  off  gas 
slowly  for  some  days,  N  =  85'4,  CO2  =  14"6. 

23.  205  c.  c.  blood  +  1  grm.  KNO3  gf^-ve  off  gas  consisting  of 
N  =  84-5,  CO2  =  15-5. 

24.  1150  c.  c.  blood  +  1  grm.  KNO3  g^-ve  off  gas  consisting 
of  N  =  48-5,  CO2  d  51-5. 

25.  235  c.  c.  bloo  +  2  grms.  KNO3  gave  off  gas  consisting  of 
N  =  94-4,  CO2  =  5-6. 

In  experiments  Nos.  8,  9,  10,  and  13  the  gas  evolution  did  not 
commence  until  the  third  day,  the  earlier  specimen  yielding  gas 
much  more  readily.  Urine  when  fresh  did  not  yield  gas  at 
first,  unless  a  small  quantity  of  old  urine  was  mixed  with  it. 
The  solutions  became  more  alkaline  according  to  the  amount  of 
nitre  decomposed,  forming  carbonate  of  potash. 
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In  11  and  12  the  nitrogen  came  off  slowly  at  first,  but  when 
the  first  charge  was  exhausted  a  second  charge  of  nitre  caused 
the  gas  to  come  off  instantly.  v-r-.  - 

The  gases  were  exploded  with  oxygen  and  hydrogen  sepa- 
rately, and  also  in  conjunctioa  with  water  gases.  They  were 
also  treated  with  caustic  potash  and  pyrogallic  acid,  but  only 
carbonic  acid  and  nitrogen  were  found. 

No.  II. 

Abstkact  of  Work  by  Kuhlmann,  Boussingault, 

SCHLOESING,  AND  ReISET. 

In  1848  (Jahresbericht,  vol.  1,  page  385)  Kuhlmann  found 
that  nitrates  were  formed  by  heating  sulphate  of  ammonia  and 
sulphuric  acid  with  bichromate  of  potash,  peroxide  of  manganese, 
brown  peroxide  of  lead,  minium,  or  barium  peroxide ;  also 
that  by  heating  sulphate  of  ammonia  with  nitrate  or  chlorate  of 
potash,  the  ammonia  is  completely  converted  into  nitrous  gas. 

Kuhlmann  (Ann.  Chim.  Phys.,  184-7,  XX.,  p.  223  et  seq.) 
produces  ammonia  from  nitrates  by — 

a.  The  reducing  action  of  zinc  or  similar  metal  and  dilute 
sulphuric  acid. 

b.  The  action  of  sulphuric  acid,  or,  better,  hydrochloric  acid, 
upon  sulphide  of  iron  in  contact  with  a  solution  of  nitrate. 

c.  The  action  of  sulphide  of  arsenic  dissolved  in  solution  of 
caustic  potash. 

d.  Gradually  acidulating  a  solution  of  sulphide  and  nitrate  of 
potash.    Ammonia  is  formed  after  some  days. 

e.  The  reducing  action  of  ferrous  or  stannous  oxide.  After 
several  days  a  notable  amount  of  ammonia  is  formed. 

/.  Passing  a  current  of  sulphuretted  hydrogen  through  a 
solution  containing  SbClg  and  KNO3. 

He  also  obtains  nitric  acid  from  ammonia  by  the  following 
reactions : — 

1.  By  distilling  a  mixture  of  bichromate  of  potash,  strong 
sulphuric  acid,  and  sulphate  of  ammonia. 

Equation : — 

8  (2  CrOg,  KO)  +  3  (SO3  NH3  HO)  +  32  (SO3  HO) 
=  8  (3  SO3,  Cr^Os)  +  8  (S63  KO)  +  3  (NO5  HO)  +  41  HO. 
(There  seems  some  error  here.) 

2.  By  distilling  a  mixture  of  weak  sulphuric  acid,  binoxide  of 
manganese,  and  sulphate  of  ammonia. 

Equation : — 

8  MnO,  +  SO3  NH,  HO  +  7  SO,  HO 
=  8  SO3  MnO  +  NO,,  HO  +  10  HO. 

3.  By  heating  a  mixture  of  nitrate  or  chloi^ate  of  potash  wath 
sulphate  of  ammonia.  The  whole  of  the  ammonia  is  converted 
into  nitrous  gas. 

4.  By  acting  with  strong  sulphiiric  acid  on  a  mixture  of 
peroxide  of  lead  and  sulphide  of  ammonium. 

5.  By  acting  with  strong  sulphuric  acid  on  a  mixture  of 
peroxide  of  barium  and  sulphate  of  ammonia. 
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6.  As  published  in  1838,  by  passing  air  mixed  with  ammonia 
through  red-hot  tube  of  porcelain,  a  small  quantity  of  hyponitric 
acid  and  binoxide  of  nitrogen  is  formed. 

These  important  facts,  which  I  have  confirmed  by  similar 
experiments,  show  at  least  that  nitric  acid  may  be  formed  by 
inorganic  ao-ents  in  solution,  as  well  as  by  explosions  in  which 
nitrogen  gas  itself  is  oxidized. 

In  the  Compt.  Rendu,  vol.  66,  1868,  p.  177,  M.  Reiset  speaks 
of  the  production  of  nitrous  gas  when  the  liquids  become  top 
slightly  acid  during  the  fermentation  of  beetroot  solutions. 

M.  Th.  Schloesing,  vol.  66,  1868,  p.  237,  speaking  of  putre- 
faction in  tobacco  juice,  says :  "  Nitrates  decompose  so  rapidly 
"  that  the  solutions  may  be  found  to  difier  from  day  to  day. 
"  When  the  nitrates  are  decomposed,  the  gases,  when  carbonic 
"  acid  is  absorbed,  leave  a  residue  containing  protoxide  of 
"  nitrogen.  Urine  was  found  to  give  out  protoxide  and  binoxide 
"  of  nitrogen."  The  decomposition  of  nitrates  has  not  been 
observed  when  the  solutions  remained  acid.  When  they  became 
neutral  or  alkaline  the  decomposition  commenced,  and  developed 
with  such  activity  that  all  the  nitrates  disappeared  in  a  few  days. 

In  Compt.  Rendu,  vol.  76,  p.  22,  1873,  M.  Boussingault 
speaks  of  the  disappearance  of  a  small  amount  of  nitrogen  in 
soils,  but  his  chief  object  is  to  show  that  nitrates  were  not 
formed  from  the  nitrogen  of  the  air. 

Vol.  84,  Gompt.  Rendu,  p.  301.  MM.  Th.  Schloesing  and 
A.  Mimtz  give  experiments  to  show  that  the  destruction  of 
germs  by  chloroform  prevents  the  formation  of  nitrates.  This 
result  seems  in  conformity  with  other  results,  but  Mr,  Otto 
Hehner  thinks  a  large  amount  necessary,  as  I  understand  him. 
Chem.  Nexus,  vol.  39,  pp.  26  and  53. 

A  fuller  abstract  of  M.  Schloesing's  work  may  be  usefully 
published,  as  below : — 

Study  of  Nitrification  in  Soils  {Abstract.) 
(jOompt.  Rendu,  vol.  77,  pp.  203  and  following.) 

The  necessary  conditions  for  nitrification  are  known,  namely, 
a  nitrogenous  substance  capable  of  slow  combustion,  sufficient 
aeration,  a  carbonated  base,  a  certain  amount  of  moisture  and  heat. 

These  may  be  arranged  in  several  categories  : — 

1.  Conditions  pertaining  to  the  soil: — Mineral  composition 
and  the  physical  propei-ties  resulting  therefrom,  nature  and 
proportion  of  the  saline  constituents  soluble  and  insoluble, 
nature  and  quantity  of  organic  matters,  amount  of  cultivation. 

2.  Conditions  resulting  from  the  joint  action  of  the  soil  and 
atmosphere : — Humidity  proportion  of  0  and  CO2  in  the  atmo- 
sphere contained  within  the  soil,  interchange  of  gas  between  the 
soil  and  atmosphere. 

3.  Purely  physical  conditions : — Heat,  light,  electricity. 

Influence  of  the  Proportion  of  Oxygen  in  a  Confined  Atmosphere. 

Five  quantities  of  a  calcareous  earth  were  placed  in  long  glass 
vessels,  at  the  ordinary  temperature ;  the  only  difference  being 
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the  composition  of  the  atmosphere  in  each,  which  consisted  of  air 
and  nitrogen  as  follows  : — 

No.  -  -  -     1  2  3  4  5 

Per  cent,  by  vol.  of  O    1-5       6-0       11-0       16-0  21-a 

Humidity  of  the  earth  15-9  per  cent, 
_  Nitrogen  in  the  moist  earth  =  0-263  per  cent.    A  fertile  earth 
rich  in  humic  matter. 

The  air  was  deprived  of  CO^  and  NH3  before  reaching  the 
earth.  The  experiments  lasted  from  5th  July  till  November  7th, 
1872.  ' 

The  following  are  the  mean  results  for  the  COj  in  the  atmo- 
sphere expelled  from  the  soils  during  the  months  of  July  and 
August.    The  temperature  varied  between  21  and  29° 

No.  -       -  -      1  2  3  4'  5 

MeanT.       -       -    24-3        24        23-1       24-2  25-2 

Mean    CO^   formed]  Mgm.        Mgm.        Mgm.        Mgm.  M^m 

in  24  hours  per  UO-4  16-6  16-1  15-1  19' 
kilo,  of  earth  -J 
In  the  last  four  cases  the  combustion  of  the  organic  matter 
appears  almost  independent  of  the  amount  of  COo ;  and  in  the 
1st  case,  where  the  0  =  only  1-5  per  cent.,  the  amount  of  CO, 
formed  is  60  per  cent,  of  that  formed  in  the  others  ; — a  difference 
between  the  slow  oxidation  in  soils  and  ordinary  combustion. 

The  determinations  of  COg  made  in  September  and  October  at 
temperatures  between  14°  and  18°  call  for  the  same  remarks. 
They  show,  moreover,  that  temperature  has  a  considerable 
influence.    The  production  of  CO2  at  16°  is  only  half  that  at  24°. 

The  following  are  the  results  of  HNOg  determinations  calcu- 
lated in  mgms.  per  kilo,  of  earth : — 

No.    -       -        -      1  2  3  4  5 

7th  Nov.  1872  -  151-8  201-8  238-6  352-7  268-7 
5th  July  1872     -    106-1      106-1      106-1      106-1  106-1 

HNO3  formed  -     45-7       95-7     132-5     246-6  162-6 

The  nitric  acid  present  at  first  =  1528  mgm, 
Schloesing  fancies  Nos.  4  and  5  have  been  transposed. 
The  production  of  HNO^  depends  on  the  amount  of  oxygen  in 
the  atmosphere. 

Second  series,  differing  only  in  the  degrees  of  humidity  which 
was  raised  to  the  maximum,  viz.,  24  per  cent.  In  No.  1  pure 
nitrogen  alone  was  used,  and  Nos.  2,  3,  4,  and  5  had  atmospheres 
containing  6,  11,  16,  21  per  cent,  oxygen. 

The  experiments  lasted  from  18th  November  1872  tiU  3rd  July 
1873.  ^ 
The  CO2  determinations  in  November  and  December  gave  as 
means — 

No.  -  .       .  1 

Per  cent,  oxygen  in"!  ^ 

atmosphere        -  j 
T.   -        -  -  14-S 


CO2  formed  mgra.1    ^  . 
per  kilo,  earth  -J 


2 

3 

4 

5 

6 

11 

16 

21 

14-5 

15-0 

16-1 

14-2 

15-09 

16-0 

16-6 

16-0 

15 


1 

2 

3 

4 

5 

O'OO 

263 

286 

267 

289 

64-0 

64 

64 

64 

64 

64-0. 

199 

222 

203 

225 

The  results  are  similar  to  tlie  earlier  ones.  The  excess  of 
moistiire  favours  the  oxidation ;  the  temp,  being  lower. 

Estimation  of  the  N'itric  Acid. 

No.    -  - 
3rd  July  1873  - 
8th  November  1872 

Nitric  acid|j.°f^g^ 

In  No.  1  the  nitrates  have  been  destroyed,  doubtless  by  the 
organic  matter.  In  the  others  the  nitiifications  have  been 
fairly  equal. 

The  mode  of  decomposition  of  nitrates,  when  the  medium  is  a 
soil  deprived  of  oxygen,  has  not  been  to  my  knowledge  the 
object  of  an  exact  examination.  To  12  kilos  of  earth  from 
Boulogne  were  added  7*5  grms.  KNO3  in  dilute  solution,  the 
whole  was  placed  in  a  10  litre  vessel  with  a  gas  evolution 
tube. 

Moisture  of  the  earth  =  17-46  per  cent. 

Tsj-t  •      •■,  r originally  present  =  0*844 
r^itric  acid^^^^^^g^-^     j^-^Q^  ^ 

4-8535 


The  experiment  commenced  on  the  20th  November  1872. 

The  mercury  at  first  rose  in  the  evolution  tube,  owing  to 
absorption  of  oxygen  and  CO2.  After  five  days  the  pressure 
began  to  increase  again.  On  the  9th  December  it  was  equal  to 
that  of  the  atmosphere.  On  the  19th  a  violent  evolution  of  gas 
commenced.  Some  gas  was  lost.  At  the  end  of  the  experiment 
4200  c.  c.  of  N  and  1300  mgm.  CO2  were  collected,  other  gases 
were  absent. 

Analysis  of  the  earth  : — 

Nitric  acid         _  _  _ 

NH3  in  100  grms.|^j[°;^  experiment 

Gain         -  -  -    0-84  „ 


0-00 

0-  51  mgm. 

1-  35  „ 


2nd  experiment,  conducted  chie 
volumes  of  N : — 

Weight  of  earth 
Moisture 

Temperature  (surrounding) 
Air  introduced 

Do.       do.  (corrected) 


Contraction  at  first  as  in  pvevi 


to  measure  initial  and  final 


-  11-4  kilos. 

-  18*2  per  cent. 

-  5'5°. 

-  5-0215  litres. 

-  4-8904  „ 
N  =  3*8732  „ 
O  =  1*0172  „ 

experiment. 
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Analysis  of  the  earth : — 

Nitric  acid            _          .          -  „  o*00 

NHj  in  100  grms.  fbefore  experiment  -  1-35 

earth     -           after          „  -  3-04 

Gain           -          -  -  1-69 

192-7  mgm. 
126-2  „ 

N 
4088-5 

809-4 


4897-9 


There  is  thus  more  N  given  off  than  is  present  in  the  air  and 
KNO3. 

Boussingault  has  shown  that  in  a  confined  oxygenated  atmo- 
sphere the  gaseous  nitrogen  does  not  go  to  form  nitrates,  which 
indeed  lose  a  small  quantity  of  their  combined  nitrogen. 
Schloesing  confirms  this  last  result. — Th.  Schloesing,  Compt. 
Rendu,  vol.  77,  p.  353. 

No.  III. 

Oxidation  of  Ammonia. — Experiments  made  some  Years  ago, 
and  leading  up  to  the  points  explained  in  no.  i. 

The  peculiar  effect  of  the  nitrates  lias  led  me  into  the  question 
of  the  oxidation  of  ammonia  further  than  previously  because 
there  seemed  to  be  a  question  as  to  the  action  of  organisms. 
I  am  desirous  of  saying  that  I  have  no  desire  to  give  my  experi- 
ments in  opposition  to  Mr.  Warrington.  The  only  experiments 
that  were  caused  by  reading  Mr.  Warrington's  were  those 
relating  to  the  action  of  light  and  those  where  heat  was  used. 
I  so  far  corroborate  Mr.  Warrington  that  light  does  retard 
the  action  in  organic  solutions.  The  action  of  organic  matter 
is  further  shown  by  the  fact  that  where  there  is  most  organic 
matter  in  a  state  readily  decomposed  by  caustic  potash  that  is 
in  so-called  albuminoid  matter,  the  action  of  decomposing 
nitrates  is  strongest. 

Pure  water  containing  O'l  per  cent,  milk,  filtered  through  sand 
free  from  nitrites  and  nitrates. 

The  sand  was  about  8  inches  deep  and  1  inch  broad. 

1st.  ]  00  c.  c.  filtered  from  December  2nd  to  December  20tb, 
1874,  contained  0'185  mgm.  HNO3. 

2nd.  100  c.  c.  filtered  from  December  2nd  to  December  20th, 
1874,  contained  0'170  mgm.  HNOj. 


Gain  of  NH3  for  11-4  kilos  earth  - 
NH3  equivalent  to  7-5  grms.  KNO3  - 
Analysis  of  the  gas         -  -  CO, 

Vol.  at  0°  and  760,  recovered"!  o.o/i. 
by  the  pump       -  .|  3484-2 

Do.,  disengaged  duringi 
experiment         -  _J  ^^'^ 


3573-3 


Nitrogen  present  in  air  atl      oo»7o  o 
first       -  -       .J- =  3873-2 

Nitrogen  present  in  7-51       qs>q  n 
grms.  KNO3    -  -J  -  ^^^'^ 


4701-2 


17 


>-No  HNO,  formed. 


100  c.  c.  not  filtered,  kept  in  a  bottle  half  a  day,  0"14!8  msm. 
HNO3.  ^'  B 

100  c.  c.  of  the  water  used,  filtered  through  sand  from 
December  2nd  to  December  20th,  1874,  O'OO. 

The  remaining  portions  were  again  filtered  till  28th  January 
1875,  making  altogether  46  days,  when — ■ 

1st  gave      -  -  -    0163  mgm.  HNOj. 

2nd  „  -  -       _    0-148  „ 

Pure  water  -  0-00. 

There  is  a  slight  increase  in  the  amount  of  HNO3  by  filtra- 
tion from  the  2nd  to  20th  December,  18  days ;  and  afterwards  to 
January  28th,  the  46  th  day,  there  is  a  decrease,  but  not  so  small 
as  in  the  unfiltered  portion.  Pure  water  filtered  through  the 
sand  for  46  days  remained  free  from  HNOg. 

Ozonized  air  with  phosphorus  vapour  aspirated  through 
water  containing  milk,  and  water  made  alkaline  containing 
yeast.    January  1875. 

Through  50  c.  c.  water  containing  0-01~^ 

per  cent,  yeast  for  85  hours,  extending  i  ^  TTivn  -p 

over  5  days,  strong  reaction  to  ozone  H^O,  termed, 
paper        _          _  _ 

Through  50  c.  c.  water  containing  0*01" 

per  cent,  milk  for  69  hours ;  50  c.  c.  of 

caustic  soda  pure  were  then  added, 

and  the  ozonized  air  again  aspirated 

for  95  hours,  altogether  164  hours 
After  passing  the  O'Ol  per  cent,  milk"] 

solution,  the  ozonized  air  was  aspirated.  I  TTxrrk 

through  water  containing  O'Ol  per  cent.  (    °  termed. 

yeast  for  164  hours    -  _  -J 

And  finally  through  another  50  c.  c.  water"] 

containing  0*01  per  cent,  yeast  for  164  INo  HNO3  formed. 

hours  -  -  _  J 

When  the  aspiration  was  stopped  all  the  liquids  were  alkaline, 
and  gave  a  reaction  with  ozone  paper.  Each  portion  smelled  of 
phosphorus. 

Permanganate  and  yeast : — 
0*3  grm.  yeast  mixed  with  water  and"] 

permanganate    of   potassium,    stood  I  No  HNO,  formed. 

20  days         "  "  -  -  J 

Hydrogen  peroxide  and  yeast : — ' 

0-3  grm.  yeast  mixed  with  water  and  25  c.  c.  H-,02  solution, 
stood  20  days. 

The  0-3  grm.  yeast  contained  before"!  ^  ^^^^^ 
mixture-  -  -  _j- 0-444  mgm.  HNO;, 

After  mixture  with  H,0,  solution,  1 

and  standing  20  days  '     -       .j- 0-193  mgm.  HNO,, 

There  has  been  a  decrease  in  the  amount  of  HNO,. 

J' 

Q  7516.  3 
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Eecluction  of  Nitrate  by  HjS  in  slightly  Acid  and  in  slightly 
Alkaline  Solutions. 

Both  columns  -were  determined  in  the  same  way  by  reduction  with  aluminium. 


Milligrammes 
HNO3. 


Bottle,  loosely  closed  with  paper,  December  5th,  1875.  200  c.  c. 

KN03  solution  +  1  c.  c.  NaHS  solution  +  0-5  c.  c. 

Acetic  Acid.    Acid    -  -  ,         -  - 

Bottle  stoppered  do.  do.  do. 

Open,  December  5th,  1875,  200  c.  c.  KNO3  sol.  +0-5  c.  c. 

NaHS  sol.  +  0-1  c.  c.  A       .  .  -  - 

Stoppered  do.  do.  do. 

Open,  December  5th,  1875,  100  c.  c.  KNO3  sol.  +  NaHS  sol. 

0-25  c.  c.  Alk.  .         .         -         -  - 

Closed  do.  do.  do. 

Open,  200  c.  c.  KNO3  sol.  +  1  c.  c.  NaHS  sol.  Alk. 

Closed  do.  do. 

Open,  200  c.  c.  KNO3  sol.  +  2-5  c.  c.  NaHS  sol.  Alk. 

Closed  do.  do. 

Open,  200  c.  c.  KNO3  sol.  +  5  c.  c.  NaHS  sol.  Alk. 

Closed  do.  do. 

Open,  200  c.  c.  KNO3  sol.  +  5  c.  c.  NaHS  sol.  +  0  •  5  c.  c.  A  Alk. 

Closed  do.  do.  do. 

Open,  200  c.  c.  KNO3  sol.  +  10  c.  c.  NaHS  sol.  Alk.  - 

Closed  do.  do.  _  -  - 

Open,  200  c.  c.  KNO3  +  0-25  c.  c.  NaHS  +  0-1  c.  c.  A  Alk.  - 

Closed  do.  do.  do. 

Closed,  200  c.  c.  KNO3  +  10  c.  c.  NaHS  sol.  +  0  -  7  c.  c.  A  Alk. 

HjS  was  found  in  two  bottles  only.    After  39  days  these  were 

alkaline. 


Ist  day. 

39th  dav. 

8 

750 

8-2li 

8 

750 

8*214 

41st  day. 

8 

750 

8-177 

8 

750 

8-326 

42nd  da^". 

4-375 

4-012 

4 

375 

4-012 

38th  dav. 

8 

750 

8-194 

8 

750 

8-342 

8 

750 

8-405 

8 

750 

8-105 

8 

750 

8-35fi 

8 

750 

8-504 

8 

750 

8-357 

8 

750 

8-504 

8 

750 

8-561 

8- 

750 

8-483 

8 

750 

8-153 

8 

750 

8-301 

8 

750 

8-561 

I  have  spoken  of  the  oxidation  of  organic  nitrogen,  and  we 
must  now  consider  the  oxidation  of  inorganic  nitrogen  or 


ammonia. 


Oxidation  of  Free  and  Acid  Solutions  of  Ammonia  by 
Hydrogen  Peroxide. 


Milligrammes 
HNO3  in  the 
Total  Liquid. 


Milligrammes 
HNO3  in  the 

Re-agents 
before  mixing. 


10  c.  c.  NH3  solution  +  50  c.  c.  HjOj  solution. 
Tested  after  eight  months  ... 

10  c.  c.  NH3  solution,  acidified  with  20  c.  c.  dilute 
H2SO4  +  50  c.  c.  H3O2  solution.  Tested  after 
eight  months   -  -  -  -  - 

10  c.  c.  NH3  solution,  acidified  with  10  c.  c.  dilute 
IIjS04  +  20  c.  c.  HjOs  solution.  Stood  ex- 
posed to  light  from  February  20th,  1874,  to 
March  24th,  1874        .  -  -  - 

80  c.  c.  NH3  solution  +  55  c.  c.  HjOj  Folution  - 


0-77 


1-29 


0-89 
0-81 


19 


Eh 
I— I 

H 


O 


O 

o 

I— I 
H 

Q 

M 
o 


c 
o 


<s 
a. 


f4 


o 


a 

d 

M 
>^ 
X 

O 


o 

<5  S 


w 

Hi 

C 


Igw 

C3  o  d 
d  c5  d 

O  05  CO 

to 


o 


we 


■o 


o  o  o 
d  d  d 
O  to  c<> 


So 


d  d 

O  CO 


DO  5 

o 


O  I' 


a  ^ 

to 


O  m 


9 


2  -w 

<5  "^O 


O  IK 


9 

to  03 


<1  ""o 


Wtg 


c3 


W=2 


r-t  C5 

5^ 


CO 


05 

CO 


OJ 


05 


o 


o 

CM 


I  I 


CO 


CO 


CO 


I  I 


to 


0-1 
CO 

to 


CO 

to 


CO 


CO 


CO 


to 


to 


CO 

to 


CO 

to 


«  1-1 


—I  OS 


CO 


CO 


CO 


CO 


o 
o 


o 


eo 


o 


o 


i-l  CO 


OS  00 
to  rH 


to 


00 


'->  o 
I— I  00 


o 

00 

to 


00 
t  ^ 


t— I  00 


<M  rH 
CO  r-H 


r-l 


rH  00 


CO 

O  00 


»f3 


CO 


rH  O 

.-I  00 


00 
C4 


20 


o 
<1 


o 

I— I 

a 

o 


o 


Pi 


e3 

e 

•  r-1 

"3 


!>-. 

o 


o 

w 

< 

O 

w 

Hi 

o 


o  -*  CO 

.-I  (M 


^5 


5  ° 


O  <iJ 


o 
w 

c5 
ti 
o 


o 

u 
o 

00 


^35 


OS 


^5 

o 

I 

en 

O 
P-( 


o 

>5 


.•Sow 

c!  -r;  O 


W,2 


0) 


tn  S 


I 


eo 


in 
CO 


00 


o 

C". 


o 


ITS 


o 


Cl 

CO 
00 


o 


CO 
o 

00 


o 


Cl 

CO 


in 
CO 


05 
CO 


o 


o 

CD 


O 
CO 


o 


n-1 

o  to 
to  to 


■  Water  1 
L.  I  to 
^  Litre. 

Days  in 
Contact. 

.  o 

^  to 

O  T 

o  . 

o  " 
to  rt< 
-J  IN 

Avail- 
able 
O  lost. 

Water 

to 
1  Litre. 

1 

ays  in 

(N 

CO 


CO 


CO 


05 


o 

00 


CO 

to 


(N 


o 


P3 


eo" 


(N 

CO 


eo 


in 
eo 


eo 


.-r  O 
r-  CO 


>n 


00 

o 


cf 


00 
eo 

eo" 


r-  Cl 


00 


00 
CO 


00 

o 
CO 


eo 

CO 


in 

00 


.2 

•■"2 


eo 


CO 


o 

00 


CI 

eo 


o 

CO 


o 

00 


en 
o 


O  ^ 

R.2 


Cl 
Cl 


eo 
CO 


Cl  Cl 


Cl 


TP 

o 


J3 


I-.  ^ 


2  5 

e)  w-4 

^       hi  1*3 

00       ^  ^ 

*— i  Cl 


d  «^  o 

If! 


0)  o 

o 

•H  a 

CO 
3 


oi  o 


.S 


•a  J  ^1 

fc.  .o 


a 

bo 

a  ? 

r-H  CO 

05  CO 

.  CO 

00  II 
CO  " 

II  I 

Otn 


at.  O  O  Qj 
.     3  tti    1,  1-H 


go"  I 

W  o 


O  lO  S 

cS 

Eh 


a 

.  a 

a  -o 

bo;, 

a  oi 
i> 

i  II 

II  g 

O  £ 


o 

o 
o 
o 


n3 
o 


bo 

.9 

CS 

^  6 
43 


II  s 

O  o 

3 


bo 

a 

a 

u 

a 


O 

1=1 

b  so 

u  «  !^ 
a  a  • 

ej  O  " 
--^  o 

a 

a  o 

I  - 

<u 

pq 


d 


o 
o 


1-1 


S  o 


a 

t  i 

i 


a 

bfl 
O 


s  a  s 


£  rH        PhO  So 


S  ^  •§ 

me* 


1- 
til  • 

to 
o 
to 

o 
o 

o 

o 

o 
o 


O  It  ^ 
•13    I  ^2;  bp 

i  a-^ 


22 


O 


o 

o 

I— I 
H 

« 
I— I 

M 
o 


a 
o 


u 

Pi 

«r-l 

O 

M 

O 


C3 


ID 
> 

H 


Mixed  1st  Sept.  : 

eo 

6.88 
0.08 

CO  0 

^  cs 

Mixed  1st  Sept. 

-  M  y 

wO  " 

o 

W«  -2 

00 
0 

CO  01 

00  00 

I>  (M 

Mixed  SOtli  August. 

^"■5  ..S 
*^    "P.  . 

l^t^r         ^   «  C3 

0 

0  • 

ca  ^ 

•      CO      0  • 

00  C3 

• 

Mixed  SOtli  August. 

0 

CD 

0         *  CO 
00         •  00 

r-< 

CO  0 
■           0  0 
rH  (M 

Mixed  27tli  August. 

ii  ■ 

0 

0  • 

0  CD 
•      CD  0 

•           00  QO 
CO 

Mixed  27th  August. 

^  g  O  "  (D 
00  ^i.  03     •  CO  , 

§  "o^=5 

0 

CO  *^ 

10 
0 

tH 

•  o3  S  0 

•  r-1       (M  CO 
i-l      1-1  i-l 

0  0 

•    s  s 

i 

hi 

1) 

.a 

r^"  .  . 

S  <2, 2  i;  0  c3 

^5.^  fed? 

CO  r- 
^      •  eo 

0    eo  w 

•  CO 

•  CO      l>  t> 

ss    §  • 

t*         CO  • 

Mixed  Slst  May. 

«  ID 

0  ^  t) 
0 

0  CO 

0 
0 

.:51s. 

>» 

■2 
.a 

10  1ft  l-» 

?  • 

0 

•  •  • 

•  •  • 

•      •        >  • 

•  •  • 

•  •  • 

1  ' 

50 

r-t      C-1      r-^  rH 

i  i 

>    l»  «  I- 
b   S2  a  =» 

23 


OXIDATION  OF  AMMONIA. 

Blood  Solutions. — Heated. 

t)'069  grm.  KMnO^  and  100  c.  c.  l°/o  blood  solution  were  heated 
separately  to  100°  C.  for  2  hours  and  then  mixed,  23/9/80. 
After  4  days'  contact — 

HN03  =  37'36  parts  per  million. 


0'819  grm.  KMnO^  and  100  c.  c.  lo/o  blood  solution  with  1  c.  c. 
pure  NaOH  solution  were  heated  separately,  as  above, 
23/9/80.    After  4  days'  contact— 

HN03=29"65  parts  per  million. 


'0*4!80  grm.  KMnO^  and  100  c.  c.  lo/o  blood  solution  treated  as 
above.    After  4  days'  contact — 

nN03=  28-91  parts  per  million. 
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There  is  here  mentioned  a  series  of  trials  made  some  years 
c^go  by  passing  air  drawn  over  phosphorus,  first  through  pure 
water,  to  find  if  the  reagents  were  pvire.  After  CO  hours  the 
water  was  found  to  contain  in  10  c.  c.  0-01  mgm.  of  ammonia, 
and  that  in  contact  with  phosphorus  contained  no  nitric  acid. 

This  phosphorised  or  ozonized  air  drawn  through  water  for  a 
week  produced  no  nitric  acid  in  it. 

Then  through  dilute  ammonia  for  three  days  no  nitric  acid. 

Another  (time  not  recorded)  gave  0'22  mgm.  HNO3. 

It  will  be  seen  from  the  tables  that  an  ammoniacal  condition 
greatly  increases  the  nitric  acid.  This  action  of  the  alkaline 
state  is  probably  an  explanation  of  the  effect  produced  in  the 
presence  of  chalk,  and  may  explain  the  amount  of  nitrates  m 
at  least  some  chalk  waters.  The  water  having  organic  matter 
in  it  and  percolating  through  the  chalk  has  this  matter  more 

readily  oxidized.  .  ■,    ,    .  ^ 

It  is  clear  then  that  oxidation  is  contmually  ready  to  take 
place  when  organic  substances  are  in  water,  and  oxygen  is 
presented  to  them.  This  takes  place  rapidly  if  air  is  abundant 
but  it  takes  place  much  more  rapidly  when  oxygen  is  presented 
in  a  concentrated  form,  as  in  nitrates,  &c. 

It  may  be  asked  how  far  this  may  afi'ect  the  estimation  ot 
albuminoid  ammonia  when  heat  is  used  with  permanganates.  ^ 

The  consequence  also  is  that  waters  with  little  oxygen  m 
solution  are  under  suspicion,  or  rather  they  have  or  have  recently 
had  substances  in  solution  taking  up  oxygen.  I  brought  this 
subiect  forward  many  years  ago,  but  it  is  not  suffacientiy 
attended  to  by  chemists.  Dalton  saw  the  importance  ot  tiiis 
examination  long  before  our  time.  It  is  a  merit,  which  only  the 
best  water  has,  to  have  the  oxygen  and  nitrogen  in  the  relation 
of  not  less  than  33  per  cent,  of  the  first.  Sometimes  I  have 
found  as  much  as  35.  I  do  not  know  if  this  is  an  error  of  experi- 
ment ;  I  think  not.  .  ,  . 

We  learn  that  by  a  natural  process  all  traces  of  orgamc  impurity 
may  be  removed  from  water,  and  that  part  of  this  may  be  done 
more  rapidly  by  the  assistance  of  organisms  probably,  but  that 
it  may  be  concluded  without  organisms.  The  only  usual  bodies 
that  cannot  be  removed  are  the  alkalies  and  their  salts,  of  which 
chloride  of  sodium  is  the  most  striking.  The  attention  paid  to 
this  salt  has  been  too  small.  I  brought  this  forwai-d  also  m 
1867,  but  that  also  was  attended  to  before  me  by  Ualtou  and 
forgotten.  I  hope  it  will  not  again  be  left  out.  It  is  remarkable 
with  what  complacency  many  chemists  look  on  an  amount  ot 
chlorine  in  water  far  above  that  of  the  natural  drainage  of  the 
district. 

No.  IV, 

Further  on  the  Action  of  the  Air  on  Combined  Nitrogen. 

The  air  oxidizes  the  nitrogen  which  is  found  in  nitrogen  com- 
pounds.   That  this  is  done  when  organic  substances  are  absent, 
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is  not  proved,  so  far  as  I  know.  Tlie  oxidation  of  inorganic 
nitrogen  seems  to  require  higher  oxides  than  the  air.  But  we 
may  ask,  will  not  the  ozone  of  the  air  prove  to  be  one  of  these 
higher  oxides  ?  It  is  probable,  and  we  may  expect  it  to  show 
its  power  in  some  cases,  but  it  cannot  be  expected  to  reach  far 
into  sewers  or  heaps  of  refuse.  We  may,  however,  be  certain 
that  it  acts  as  a  purifying  agent  on  substances  which  it  meets 
in  the  atmosphere. 

On  the  table  of  changes  in  the  condition  of  nitrogen  in  water 
containing  organic  matter  (p.  26)  it  will  be  observed  that  the 
nitric  acid  column  shows  a  general  increase  in  every  case. 
There  is,  however,  a  curious  observation  to  be  made ;  at  a 
certain  time  there  is  a  slight  diminution,  and  this  has  taken 
place  in  every  instance.  It  cannot  be  supposed  that  amongst  so 
many  analyses  no  error  should  have  occurred,  but  such  a  con- 
sistent error  is  not  probable.  Besides,  a  similar  backward  move- 
ment occurred  on  the  occasion  of  a  previotis  inquiry;  and,  indeed, 
it  agrees  with  my  early  observations  of  the  destruction  of 
nitrates,  and  the  later  ones  on  the  elimination  of  nitrogen. 
Those  in  the  table  given  aU  occurred  from  the  end  of  June  to 
the  beguining  of  August,  as  if  the  heat  had  been  an  agent,  the 
peculiar  pntxefaction  spoken  of  having  occurred,  I  suppose. 

The  nitrogen  of  the  three  kinds  increases  (i.e.,  of  free  ammonia, 
albuminoid  ammonia,  and  nitric  acid),  being  supplied  by  the 
residual  albumen,  which  is  supposed  to  be  continually 
decomposing. 

The  effect  of  darkness  has  been  to  increase  the  growth  of 
nitrates  in  the  Manchester  water,  and  the  stronger  blood  solution. 
This  is  not  apparent  in  the  weaker. 

It  seems  correct,  from  the  results  already  given,  to  believe  that 
nitric  acid  has  a  mode  of  growth  in  nature  quite  independent  of 
organic  matter,  as  well  as  one  which  is  intimately  associated 
with  organic  matter.  We  have  arrived  at  a  very  firm  stage,  but 
we  require  to  learn  more.  The  inorganic  matter  from  which 
nitric  acid  is  made  contains  ammonia,  and  we  require  now  to 
learn  in  what  conditions  nitrogen  is  used  for  forming  ammonia 
if  there  be  any  methods  of  doing  so. 

Schonbein  showed  long  ago  that  ozone  caused  the  formation 
of  nitric  acid  ;  and  Lnca  (Jahresbericht,  1855,  p.  318)  said  that, 
after  passing  air  ozonized  by  contact  with  moist  phosphorus 
for  three  months  over  potassium  and  potash,  there  was  formed 
nitrate  of  potash  in  quantities  enough  to  crystallize  ;  from  7,000 
to  8,000  litres  of  air  being  used.  With  these  views  before  us  we 
may  look  to  the  formation  of  nitrates  from  inorganic  nitrogenous 
compounds  in  cases  where  ozone  exists,  and  that  may  possibly 
be  found  in  very  pure  water,  where  the  oxygen  exists  to  the 
nitrogen  in  a  proportion  above  33  per  cent.  Alkalinity  seems 
an  essential  condition  in  many  of  the  mixtures,  but  I  have 
found  nitrates  in  wells  very  acid.  This  was  remarkable  in  the 
case  of  a  polluted  well,  the  use  of  which  had  probably  caused 
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death  to  more  than  one  of  a  family  in  Manchester  before  the 
present  water  supply  was  universal  in  the  city. 

Inferences. 

We  may  then  come  to  the  following  conclusions  : — Bodies 
containing  protein  compounds,  when  in  abundance  of  water 
and  in  common  air,  may  oxidise  and  form  nitric  acid.  _ 

The  same  organic  bodies  in  a  state  of  decomposition^  and  in 
water  may  oxidise  at  the  expense  of  nitrates,  and  give  out 

nitrogen.  .  „ 

The  first  condition  is  that  m  which  a  certain  amount  ot 

Gewacre  is  in  the  water,  but  is  overpowered  by  the  amount  of  air. 
Th^e  second  is  when  the  sewage  is  in  excess,  and  overpowers 

the  nitrates.  , 

Nitrates  may  be  formed  by  the  oxidation  of  inorganic  mtrogen, 
but  not  so  far  as  we  know  by  contact  with  common  air  under 
ordinary  conditions.  The  oxygen  must  be  presented  m  a  more 
<;oncentrated  or  more  active  condition.  ^     •  n  f 

Putrefaction  destroys  organic  matter  without  the  miiuenpe  ot 
oxyo-en  •  it  breaks  up  organic  compounds,  and  destroys  organisms. 
The'evidence  seems  to  indicate  that  it  destroys  even  those  bodies 
that  produce  disease,  but  that  in  certain  conditions  it  produces 
others^^  This  is  a  point  not  to  be  enlarged  upon  without  more 
knowledge,  but  it  is  evident  that  by  putrefaction  we  get  rid  oi 
an  enon^ous  amount  of  oflensive  matter.  Oxygen  cannot  enter 
tinder  the  surfaces  of  actively  putrefying  bodies;  but  whenever 
it  is  allowed  to  enter  by  the  putrefaction  being  less  active,  an 
action  begins  which  in  time  .  completes  the  destruction  of  the 
body  We  are  not,  therefore,  to  suppose  that  the  germs  ot 
disease  can  resist  all  these  efforts  of  nature  to  destroy  noxious 
things,  nor  are  we  to  suppose  that  an  invisible  g-erm  of  disease 
can  pass  on  from  stage  to  stage  unaffected  by  the  putre- 
faction of  sewage  and  the  action  of  am  We  must  beheve 
for  the  present,  that  it  is  not  so.  In  water  we  see  perfect 
purification,  nitrogen  itself  being  lost. 

In  ordinary  putrefaction  sulphuretted  hydrogen  comes  off  m 
abundance,  with  much  carbonic  acid  and  some  nitrogen.  Oxygen 
resists  this  action,  and  if  the  oxygen  is  supplied  m  a  concentrated 
condition  a  change  takes  place,  nitrogen  is  evolved  as  the  prin- 
cipal gas,  and  a  decomposition  of  nitrogen  compounds  takes 
place  Nitrogenous  bodies  are  thus  destroyed,  in  one  manner  by 
their  voluntary  putrefaction,  in  another  by  oxidation  Up  to  a 
certain  point  not  determined  the  greater  the  amount  of  nitro- 
genous bodies  the  more  rapid  is  their  decomposition. 

The  oxygen  of  the  nitrate  passes  m  part  to  the  carbon;  some 
will  be  retained,  forming  a  carbonate.  I  have  not  estimated  how 
much,  or  if  all,  is  taken  by  the  carbon. 

If  the  solution  is  weak  the  nitrogen  takes  up  the  oxygen,  and 
does  not  allow  it  to  pass  away,  thus  forming  nitrates. 
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Putrefaction  and  oxidation  are  two  well-known  modes  of 
destroying  organic  bodies  at  ordinary  temperatures.  The  second 
is  not  proved  to  be  connected  with  organisms. 

How  far  then  can  oxidation  or  a  great  supply  of  air  be 
employed  to  destroy  putrefaction  or  to  purify. 

The  bearing  it  has  on  the  analysis  of  water  will  be  clearly 
seen  by  chemists.  The  bearing  on  the  sewage  question  is  also 
interesting.  Substances  and  living  things  may  be  carried  by  the 
rapid  sewage  system  into  the  range  of  a  new  activity  before 
undergoing  that  putrefaction  which  breaks  them  up  in  prox- 
imity to  us  or  in  the  sewers  themselves.  It  seems  to  point  to 
a  plan  of  causing  the  destruction  of  organisms  by  putrefaction 
and  subsequent  oxidation  or  by  chemical  action.  At  least  it 
seems  to  me  that  we  require  to  learn  if  it  be  true  that  any  of 
the  germs  of  disease,  or  which  germs  of  disease,  will  live  in  an 
abundance  of  good  air.  We  know  that  abundant  dilution  will 
render  them  all  ineffective.  It  is  probable  that  there  will  be  a 
difference  amongst  them  in  this  respect,  whilst  all  will  yield  to 
the  double  action  of  first  putrefaction  and  then  oxidation. 

On  oxidation,  more  will  follow,  when  speaking  of  its  ap plica- 
cation  to  sewage,  &c. 
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No.  V. 

Oxidation  and  Decomposition  in  Sewage. 

I  feel  almost  ashamed  to  bring  so  many  figures  to  prove  so 
little,  but  we  know  that  wisdom  grows  slowly ;  and  the  enormous 
amount  of  labour  spent  on  sewage  within  40  years  shows  that  it 
has  happened  also  to  all  my  contemporaries  as  well  as  predeces- 
sors to  give  their  labour  to  an  extent  which  seems  too  great  for 
the  result.  Still,  I  by  no  means  think  that  my  time  is  lost  if 
I  prove  no  more  than  this, — that  by  agitation  with'air  sewage  is 
kept  without  smell  for  two  or  more  weeks  in  ordinary  weather, 
and  even  in  warm  weather.  This  is  probably  the  most  practical 
portion  of  this  part  of  the  inquiry.  The  numerous  analyses  are 
not  at  all  so  telling  as  I  expected  them  to  be,  but  they  do  tell 
something  of  the  chemistry  of  the  sewage  in  relation  to  its  loss 
of  organic  matter,  and  the  change  to  inorganic.  This  inquiry, 
like  all  inquiries  on  the  subject  hitherto,  has  a  preliminary 
character ;  but  it  is  a  progress  in  my  opinion,  and  I  am  desirous 
of  publishing  it,  whether  found  at  present  practicable  or  not, 
because  I  think  that  in  time  the  practical  may  be  forwarded  by  it. 

The  gases  from  putrefaction  I  examined  some  years  ago,  as 
elsewhere  quoted.  In  1877  I  made  some  experiments  simply  to 
find  if  abundance  of  water  increased  or  diminished  the  offensive 
emanations,  and  these  I  supposed  to  be  measured  by  the 
ammonia.  It  is  shown  that  the  air  is  much  more  tainted  with 
ammonia  when  water  is  not  present :  see  "  Gases  from  Sewage, 
&c.,"  p.  29.  Another  inquiry  going  further  may  follow  this,  but 
1  look  to  the  microscopist  rather  than  the  chemist  to  complete  it. 

Gases  from  Sewage. 

The  gases  from  sewage  are  continually  receiving  attention,  but 
they  are  not  frequently  examined  in  a  quantitative  manner.  It 
is  very  difficult  to  obtain  them  in  the  condition  and  state  of 
dilution  in  which  they  cause  illness.  It  has  been  observed 
that  these  gases  produce  more  cases  of  illness  than  gases  from 
excreta  not  producing  sewage,  and  it  seemed  of  some  importance 
to  know  what  was  the  proportionate  amount  of  decomposition. 
The  result  is  insufficiently  shown  in  the  table  to  follow. 
The  atmosphere  over  the  dry  matter  contains  much  more 
ammonia  than  over  the  wet.  This  may  not  mean  that  more 
organic  matter  is  decomposed;  it  may  mean  only  that  the 
water  keeps  the  ammonia  in  solution.  Still,  bubbles  of  gas 
rise  rapidly  from  sewage  in  water ;  no  such  rapid  evolution  takes 
place  with  the  dry  matter.  The  quality  of  the  decomposition  is 
different.  Water  assists  greatly  the  growth  as  well  as  decay  of 
most  oi'ganisms,  and  to  these  we  must  attribute  the  more  rapid 
escape  of  gas.  Still,  the  experiments  point  only  in  one  direction, 
and  we  have  to  learn  much  regarding  the  quality  of  the  air 
which  comes  out  so  rich  in  ammonia.   This  much  we  learn  :  that 
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water  assisting  the  conditions  of  putrefaction  causes  a  much 
greater  destruction  of  organic  matter,  and  the  emanations  are 
offensive,  but  we  do  not  hear  much  of  decided  injury  when  they 
are  mixed  with  a  great  profusion  of  air.  Perliaps  the  paper  by 
Dr.  Henderson  of  Helensburgh  has  touched  this  point  more 
directly  than  anything  that  has  been  done. — See  "  The  Sewage. 
Question  in  its  relation  to  the  Gareloch  and  neighbourhood." — 
Helensburgh. 

It  was  natui-al,  however,  to  inquire  what  advantage  could  be 
got  out  of  this  knowledge  ;  and  at  a  later  period,  after  obtaining 
Dr.  Storer's  apparatus,  a  fresh  stimulus  was  given  to  the  inquirj'^ 
in  a  new  direction. 

It  will  be  observed  that  in  the  "  dry "  column  the  ammonia 
rises  much  higher  than  in  the  "  wet."  This  would  show  that, 
however  much  gas  may  escape  from  sewage,  it  is  never  very 
full  of  the  products  of  decomposition  of  animal  matter.  The 
result  of  breathing  sewage  gases,  if  more  hurtful,  must  be  attri- 
buted either  to  the  supply  being  more  abundant,  although  more 
dilute,  or  of  a  more  offensive  kind.  This  latter  explanation 
seems  the  more  probable  one,  but  requires  examination.  This  is 
quite  in  agreement  with  the  statement  elsewhere  made  as  to  the 
rapid  destruction  of  organic  matter  in  water.  We  know  that  there 
is  a  stage  of  great  danger,  and,  when  the  sewage  is  diluted  and 
exposed  to  the  atmosphere,  a  rapid  and  remarkable  stage  of 
diminished,  if  not  disappearing,  injuriousness.  The  materials 
were  kept  in  carboys  holding  abovit  eight  gallons  (36-5  litres)  ; 
the  carboys  were  kept  closed,  a  certain  measure  of  air  drawn  out 
and  washed,  and  an  equal  amount  of  fresh  air  allowed  to  enter. 
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Gases  from  Sewage  and  Sewage  Materials. 


Date. 

T°C. 

NHs  from  the 
Solid. 

NHs  from  the 
same  in  Water. 

Saline. 

Albmd. 

s 
<s> 
u 

Saline. 

Albmd. 

1877. 

Mgtn.  per  cubic  metre  of  air. 

October  l7th  - 

*  8-5 

*  7-0 

}} 

18th,  10  a.m.  - 

no-0 

*  7-5 

jj 

„    1  p.m.  - 

no -5 

*  7-5 

jj 

„    5  p.m.  - 

*io-o 

*  5-0 

j> 

19tli,  10  a.m.  - 

16° 

*  8-0 

*  3-5 

}* 

„    2  p.m.  - 

*  6-5 

*  5-0 

J) 

„    5  p.m.  - 

*10-5 

*  5-0 

20th 

16° 

♦  8-0 

*  7-5 

Ji 

22nd,10  a.iii.  - 

18° 

*20-75 

*17-5 

>» 

„  noon 

*20-0 

*19-5 

»» 

„    3p.m.  - 

18° 

*22-5 

*25-0 

» 

23rd,  10.30  a.m. 

15° 

*22-B 

*17-5 

)) 

„  3  p.m.  - 

17° 

*23-5 

J) 

24th,  10  a.m.  - 

17° 

*3ro 

*17-5 

» 

„    3.30  p.m. 

15° -B 

*33-0 

*12-5 

J» 

2Bth,  10  a.m.  - 

16° 

*37-5 

*22*5 

1 

J» 

26th,  noon 

15° 

♦52-6 

♦15-5 

JJ 

27th,  10  a.m.  - 

16° 

*80-0 

♦10-0 

J 

Cys 

5 

JJ 

29th,  10.30  a.m. 

17° 

4-0 

3-5 

JJ 

30th,  10.30  a.m. 

17° -5 

■fOS 

24-0? 

■irs 

2-5 

0 

15-0 

1-5 

i* 

„   3  p.m.  - 

18° 

100 

1-6 

JJ 

„   3.30  p.m. 

iiO 

2-0 

8 

0 

0-8 

JI 

31st,  10.30  a.m. 

0 

180 

2-0 

4-8 

0 

2-0 

November  Ist,  10  a.m.  - 

16° 

170 

0 

2-5 

4-0 

0 

1-0 

„   noon  . 

17° 

140 

0 

P 

)j 

2nd    -  . 

16°5 

160 

1-6 

3-0 

4-6 

0-2 

1*0 

* 

3rd,  10  a.m.  - 

16° 

160 

1-0 

7-5 

2-6 

0 

1-0 

JJ 

6th,  9.30  a.m. 

16°- 5 

160 

0 

2-6 

4*4 

'( 

JJ 

6th,  9.30  a.m. 

16°-5 

■/6i 

•5 

2-0 

6-0 

1-4 

JJ 

7th,  9.30  a.m. 

10° 

sss 

i 

5 

JJ 

„  12.30  p.m. 

360 

6 

JJ 

8th     .  . 

17° 

200 

6 

JJ 

9th,  10  a.m. 

igs 

s 

■6 

6-3 

Nesslerised  direct 
without  distillation. 


Wet,  smells  strong  and 
repulsive.  Di-y,  more 
intense  than  at  first. 


Corks  on  carboys  re- 
mo  vGd,and  caoutchouc 
caps  substituted. 

Smell  from  the  wet  be- 
coming less  intense. 
(The  wet  had  another 
50,000  grns.  water 
added.) 

Distilled  from  alkaline 
permanganate. 


Prerf.  Till  24th  no  dis- 
tillations. 


(Acidulated  water 
used  to  collect  the 
ammonia.) 


Soda  lime. 
Not  distilled. 

Do. 
Soda  lime. 


♦  Asterisks  show  the  three  ammonias  given  ;  italics  the  first  two. 
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Date. 


1877. 

November  10th,  9.S0  a.m. 


lith,  9  a.m. 

16° 

J) 

13th  - 

15° -6 

t) 

14th,  9.30  a.m. 

lJ,°-5 

3t 

15th- 

16° 

i> 

16th  - 

16° 

17th 
„  19th 

20th  . 
,.  21st 

„  22iid 

„  23rd 

„  21th  ■ 
„  26th 

December  1st 
..      3rd  - 
„  4th 
„      6th  - 
„  10th 

11th  ■ 
„      14th  - 
„  17th 
19th  - 
29th 

„  3l8t 

1878. 
January  2nd 

„  2l8t 

,.     25th  ' 
February  1st 
2nd 
„  4th 
12th 


17° 


Ammonia  from 
the  Solid. 


15° 
12° -5 
12° 
12° 
12° 

12° 

12° 
10° 

12° 

13° 
12° -5 

14° 
12° 
12° 
12° 
11° 
10° 

10° 
15°-5 
10° 
14° -5 
1° 

1°-C 
PreczK. 


200 


sso 

450 
■tJO 
Sis 
975 
SQO 
SSO 
200 
■165 

■idrs 
sso 

200 
SOO'O 

■iSTs 

HIS'O 


2sro 


SSO'O 


■fys'o 

250'0 

275' 0 

SOO'O 


800' 0 


g 


27"5 
7-5 

4-  5 
3-0 
2-0 

5-  5 

6-  0 
2-5 
6-0 

6-  0 

7-  0 

6-0 
2-5 


Ammonia  from 
the  same  iu 
Water. 


o 


w. 


•a 

S 


4-4 
8-6 


■IS'O 
8 

S'O 


8-4 


2-5 


0-5 


700 


10-0 


600 


700 
190 
200 
0-00 


8-0 

8-0 
124*0 


2-5 


0-0 
7-C 
7-C 
10-C 
G'5 
4-B 


TO 

5'S 
S'O 

4-3 

5'3 

4-0 


ro 

0*0 


3-0 
5-0 


0-0 


3-6 


0-  G 

1-  0 


10-1 
8-0 

U-2 
8-8 
3-8 
3-0 


3-0 
2-0 
2-G 

0-  6 

1-  2 
1-0 
1-0 

0-  8 

1-  6 
1"0 


Not    distilled  before 

Nesslerisittg. 
Soda  lime. 

Acidulated  water  used 
to  obtain  the  ammo- 
nia. 


Surface. 

1  ft.  from  surface. 


0-0 
0-4 
2-4  — 


9'3 

1-0 

r6 

0-8 

O'O 

*4-0 

1-  2 

2-  4 
0-0 
4*2 
0'2 
0-2 


ByFrankland's  method. 


Soda  lime. 


Soda  lime. 


Dry  by  soda  lime. 


1-0 

trace 


0-0 


0-0 


5-4 

1-  0 
I'C 

2-  6 
lost 
1'2 


•Albuminoid  and  sa- 
line f  M'et  carboy 
well  agitated. 
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Flesh,  Decomposition  of. 


Date. 

T, 

Free. 

Ammonia 
Saline. 

Albmd. 

1877. 

November  22nd 

— 

i 

•4 

0-4 

Flesh  newly  bought,  when 

washed  with  water,  showed 

I) 

24th 

12° 

0-8 

0-2 

ammonia  by  Nessler's  test. 

>y 

26th  - 

10° 

6-6 

P 

Flesh  tainted. 

jy 

28th  - 

2-2 

■™ 

it 

29th 

2-0 

December  1st 

12° 

3-0 

» 

3rd  • 

4'4 

0-2 

Flesh  smell  putrid. 

4th     .  . 

13° 

5'6 

Trace 

if 

5th  - 

12° '5 

11-0 

1-0 

w 

7th     .  - 

13-0 

1-4 

8th  - 

12° 

11-8 

2-0 

10th  - 

12'8 

Trace 

11th  - 

14° 

13-0 

Trace 

if 

12th  - 

19-0 

Trace 

if 

13th   -  - 

11° 

14-2 

it 

14th  - 

12° 

18-0 

it 

15th  - 

11° 

13-0 

ii 

17th  - 

12° 

22-0 

ft 

19th  - 

12° 

22-0 



it 

20th  - 

5° 

21 -0 

0-s 

it 

29th  - 

11° 

16-0 

Trace 

a 

31st  - 

10° 

16-0 

Trace 

1878. 

J 

January  2nd 

10° 

22-0 

ij 

21st  - 

15°"5 

64-0 

12-4 

o  u 

If 

25th 

10° 

70-0 

2-4 

2-0 

Tebruary  1st  - 

14° -5 

70-0 

1-C 

3-0 

ji 

2nd 

i°-o 

34-4 

0-2 

4-4 

a 

4th  - 

l°-5 

34-0 

1-0 

2-6 

n 

12th  - 

Freezing 

15-2 

0-4 

0-2 

Q  7516. 


C 
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No.  VI. 

Eaelier  Results— Aeration  WATEit. 
This  subiect  has  long  interested  chemists,"  and  aeration  has 
formed  one  of  the  planl  of  engineers  from  a  long  date  back. 
Thrmode  of  briDging  down  the  water  from  the  hil  s  to  Man- 
d'Xts  been  fcw'ed  on  the  ^^ea  U^at  .e.aUo^^^^^  ot  vah.e,^.e 
artificial  falls  being  constructed  with  that  view,    it  has  also 
been  a  common  saying  tliat  water  is  best  when  aerated,  ana 
^nTneraVwlrs  aeraU  to  an  excessive  exteiu  have  b^en  m  u^^ 
since  first  invented  by  Thomas  Henry,  f -^^-i^-'  Mancliestei, 
list  century  ;  although  it  must  be  remembered  that  aeration 
b;'crrbo7c'acid,as^s  the  case  in  prepared  -^-s,  doe^  u^^^^^ 
rarrv  out  the  true  idea  of  aeration  which  is  by  the  oxygen  oi 
Selir    "  Aeration  "by  carbonic  acid  gives  a  secondary  mean- 
er In  oTder  to  test  the  purity  of  water  to  be  ixsed  in 
^?Z.,^         iocularlv  in  a  publication,  some  20  years 
distilleries,  t  was  said  i^^^'^^y        ^  f^^U,  does  the 

ago  m  Scotland  tha    01  e  ^^^^J'  ^_^^^J  Highland 

^:J^o^<^^^^    The  idea  of  purification  by  air 

J,rVaL!~a^Si^^^  but  tHe  fact  is 

eoLn  ;„at^:i  ha™  "ot  been  t^oed  tc,  t,«^^^^^^ 
of  putrefaction  :.he„  there  lu^  ttThave  SeenZnd  when  the 

rteffrnJt  ::.y'i^  in  —     -^--"p-t  ui: 

owing  to  the  oor^^ntr^t'OT^  m  '^;™'=^^"t'n !  The  effect  of 
in  darkness,  or  to  ^^^^^^^^^f^^^lC^^^,  to  suppose  that 

sunlight  in  warm  an  innoJont  state, 

the  daylight  always  pioduces  m  ™P™  ;  there  is 
although  it  haa  a  great  '^fl«'=t i„„ocence  in  the 

little  water   .   .    .    •    •    ■  t,,iDg  connected  with  the 

atmosphere  seems  to  be  .rj,;.  air  may 

:rrot4i^rr- by^;rs^Sion"of  t,.  suh^: 


stances  in  water,  or  by  dilution  of  the  gases  when  formed;  and 
the  destruction  of  putrid  matter  in  water  is  really  very  rapid 
when  plenty  of  air  is  allowed.  This  air  is  brought  to  the  Clyde 
by  the  water,  and  also  by  the  waves,  both  artificial  and  natural, 
exposing  a  great  deal  of  surface.  The  air  may  act  also  merely 
by  rapid  dispersion  of  the  gases.  Still  we  must  not  forget  that 
these  gases  or  vapours  are  not  reported  to  us  to  produce  any 
marked  type  of  disease  over  the  Clyde,  even  when  they  come  in 
a  state  so  concentrated  as  to  produce  sickness ;  whereas  gases 
from  sewers,  in  a  condition  which  may  not  produce  immediate 
illness,  may  produce  in  time  typhoid  fever,  as  we  are  credibly 
informed. 

"  We  must  conclude  then  that  it  is  not  mere  dispersion,  but 
that  it  is  a  more  thorough  putrefaction  and  oxidation,  which 
takes  place  in  the  Clyde,  and  a  more  complete  destruction  of  the 
organic  substance  by  the  abundance  of  air,  than  can  take  place 
in  sewer  water,  whatever  the  senses  may  indicate  to  us.  Of 
course  we  must  ever  give  some  credit  to  the  flow  of  air  up  the 
river  and  the  ever  fresh  breezes  that  come  from  the  Atlantic 
as  well  as  the  mixture  of  air  with  water  caused  by  steamers. 

Wliilst  then  there  is  oxygen  enough  at  present  to  prevent 
disease,  there  is  not  enough  to  prevent  smells  which  disgust  and 
cause  sickness  for  the  time." 

In  connection  with  the  purification  of  streams  the  following 
quotation  may  be  added,  although  vn.-itten  previously  :—  ° 

"  When^  azotized  compounds  decompose  and  form  ammonia,, 
how  long  is  this  ammonia  retained  in  the  water  ?  On  examining 
a  very  putrid  stream,  I  estimated  the  amount  of  ammonia  at  the 
most  putrid  portion,  where  carbiu^etted  hydrogen  was  passing  off 
in  great  volumes,  and  where  a  cubic  foot  could  be  obtained  in  a 
very  few  minutes  by  stirring. 

"In  the  sewage  stream  of  which  I  have  spoken  the  amount 
of  animonia  was  from  O'S  to  0-7  grain  per  gallon.  After  going 
14  miles  the  amount  was  only  0-07,  and  after  20  miles  none  at 
all  was  found. 

"  The  mud  of  the  same  stream  was  in  a  state  of  putrefaction, 
and  contained  per  cent. : — 

"Ammonia  -  0797 
„  a  mile  lower  -  -  0"420 
„       at  second  mile  -  0171 

"  The  ammonia  rapidly  disappeared,  and  the  mud  itself 
diminished  very  greatly  in  amount. 

"  I  estimated  that  one  grain  of  ammonia  evaporated  in  som& 
seasons  from  every  square  foot  per  hour. 

"  In  taking  sewage  water  to  the  land,  I  think  it  very  im- 
portant that  the  movement  should  be  as  rapid  as  possible. 

"  The  water  in  its  passage  of  20  miles  has  lost  its  valuable 
ammonia,  and  that  within  two  or  three  days.  This  is  a 
sufficient  proof  that  we  must  not  trust  to  the  ammonia  as  an 
indication  of  the  amount  of  the  organic  matter  which  has  been, 
as  it  IS  as  rapidly  removed  as  the  organic  matter  is  decomposed  • 

c  2 
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that  is  to  say,  the  length  of  time  necessary  for  complete  putre- 
faction  is,  under  favourable  circumstances,  no  greater  than  the 
time  afterwards  required  for  the  removal  of  its  products.  In 
hTs  water  there  wal  no  life  to  be  observed  ;  but  the  estima  {on 
of  the  organic  matter  would  have  shown  no  difference,  whether 
vitality  had  been  present,  and  the  substance  had  been  capable  of 
Entering  into  active  and  unwholesome  forms,  or  l^ad  ^^ady 
to  break  up  into  instantaneous  putrefaction  or  had  been  pre- 
served like  a  mummy,  in  carbolic  acid  for  a  thousand  years. 

"From  this  observation  regarding  the  ammonia  we  are 
clearly  led  to  beware,  in  our  schemes  of  irrigation  by  se^yage 
watei(  that  the  land  shall  be  overflowed  before  the  ammonia  is 
thoroughly  formed,  or  else,  if  the  ammonia  is  formed,  that  it 
shall  not  be  subjected  to  loss  by  long  exposure  to  evaporation 

"  We  see  also  that  nature  provides  here  for  the  comp  ete 
obliteration  of  organic  matter.  It  ceases  altogether  to  be  lound 
She  w^^^^^^^  It  may  be  traced,  either  as  such,  or  a.  ammoma 
and  carbonic  acid,  long  after  the  bubbles  of  carburetted  hydrogen 
have  ceased  to  appear,  until  at  last  it  dwindles  down  to  an 
amount  which  is  rather  difficult  to  remove  from  water,  and 
which,  so  far  as  we  know,  may  be  utterly  disregarded. 

"In  the  passage  of  organic  matter  we  may  observe,  fiom 
ficnires  soon  to  be  quoted,  that  the  volatile  and  organic  matter 
dSshed  from  9-33  grains  per  gallon  down  to  5-04  even  when 
was  an  increase  of  fixed  matter,  and  that  the  decomp^^^^^^^^ 
matter  in  solution  diminished  stiU  more  rapidly,  m  the  ratio  ot 

^^"The  W^ic  matter  having  left  the  water,  we  may  next 
inqule  Whether  any  trace  of  its  e-t-ce  rernains  behind. 
That  trace  we  do  find  in  the  increased  amount  ot  alkalies, 
rui;hatraBrchlorides."-M^^^  Lit.  and  Phil.  Soc,  Manchester, 
lSfi7-8-  also  "  Chemical  News.'  .  . 

I  ha^'alsteven  so  early  as  1848.  shown  the  oxidmng  action 
of  filtering   report  to  the  British  Association  already  quoted) 
and  in  a  pape?  to  the  Glasgow  Philosophical  Society,  "On  the 
Mud  of  the  Clyde,"  the  following  words  were  used  :— 

p;,e  8  -«  The  long  stretch  of  water  lying  between  Ardmore 
and  Dumbarton  is  not  all  an  accumulation  of  mud,  which  is  an 
ndication  that  the  mud  faUs  down,*  and  is  earned  off  mainly  by 
the  deep  channels.   The  channel  is  inclined  to  act  as  a  depositmg 
J-eservoirancl  the  northern  side  receives  the  overflow  water.  The 
mud  rematn  ng  in  the  channel  is  carried  part  y  by  nature,  and  as 
r  wat^  eavfs  the  channel  it  becomes  less  disturbed  and  clearer, 
"at  has,  of  course,  some  of  ^If^^^^^^ 
mrts  which  the  putrefymg  river  brings  down  but  it  leally  seems 
as  if  a  very  large  portion  of  this  were  rapidly  oxidized;  and 
whilst  the  neicdibouriiood  is  freed  from  the  mud  which  might 
ToSutLndrg  out  more  gases,  the  water  i-^^^^^^ 
purification,  and  it  flows  then  down  as  the  tide  go^s  out  bung 
ina  unexpectedly  good  water  below,  although,  of  couise,  not) 

perfect    We  see  a  rapid  changcofwato^^out  this  district.  

*  i.e.  before  spreadtug. 
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"  I  feel  inclined,  therefore,  to  repeat  that  this  space  is  of  great 
value  to  all  the  watering-places  of  the  Clyde,  and  if  it  is  ever 
made  into  arable  land  they  will  suffer  severely.  I  only  wish  it 
were  still  larger." 

This  led  to  an  examination  of  the  effects  on  the  atmosphere 
of  the  putrefaction  in  sewage  and  sewage  materials.  The  ex- 
amination, as  usual,  is  not  complete,  except  in  one  direction  ;  and 
although  the  work  was  done  four  years  ago,  I  have  brought  it 
forward  in  this  Report :  see  p.  29.  It  may  convey  some  idea  of 
the  work  going  on  when  putrefying  substances  in  water  are 
exposed  to  air  in  the  conditions  mentioned.  The  amount  of 
organic  matter  becoming  decomposed  is  great,  and  ammonia  is 
continually  given  off.  The  experiments  might  be  continued  with 
advantage  by  finding  the  total  amount  of  nitrogen  and  carbon 
from  a  given  quantity  of  material  in  various  conditions,  but  it 
is  not  easy  to  do  this  in  conditions  purely  natural. 

Repoet  to  the  Local  Government  Board  by  Dr.  Angl's 
Smith,  F.R.S.,  as  to  Treatment  of  Sewage. 

Sir, 

As  requested  (by  Mr.  Sclater  Booth,  M.P.,  late  President 
of  the  Board)  I  have  the  honour  to  submit  a  careful  examination 
of  five  effluents,  the  results  of  processes  for  the  purification 
of  sewage  water  by  different  methods. 

1st.  From  Aldershot,  where  irrigation  alone  is  used. 

2nd.  From  Coventry,  where  precipitation  by  alum  and  iron  is 

used  first  and  irrigation  afterwards. 
3rd.  From   Birmingham,   where   precipitation   by   lime  is 
employed. 

4th.  From  Burnley,  where  also  lime  is  employed. 

5th.  From  Aylesbury,  where  the  ABC  process  is  used,  a 
precipitant  of  alum  being  employed,  also  of  clay. 

I  shall  extract  from  the  larger  tables  some  of  the  more  im- 
portant points  ;  but  I  wish  it  to  be  observed  that  in  this  report 
I  refer  to  quality  of  effluents  only,  and  not  at  all  to  the  ultimate 
value  of  processes. 

Free  Ammonia  A. 


Ammonia  abstracted. 

Ammonia  remaining. 

Parts  per 
100,000. 

Per  Cent, 
of  Total. 

Parts  per 
100,000. 

Per  Cent, 
of  Total. 

Aldershot  b.  - 

ir755 

9--9G 

0-245 

2-04 

Coventry  ... 

2-06 

79-8 

0-520 

20-2 

Aldershot  a.  . 

2-913 

80-10 

0-747 

19-9 

Aylesbury     -          _  . 

2-980 

74-5 

1-020 

25-5 

Birmingham  a. 

1-425 

52-9 

1-275 

47-1 

Burnley         -          _  . 

0-120 

8-3 

1-330 

91-7 

Birmingham  b.  - 

added 

added 

0  •  .'520 

18-8 

3-220 

118-8 

Note. — Aldershot  (o)  specimen  collected  in  wet  weather;  (b)  in  dry  weather 
Birmingham  (a)  after  lime  precipitation  and  irrigation  ;  (i)  after  lime  alone. 
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Free  includes  saline  ammonia.  Its  existence  is  of  no  dis- 
advantacre  so  far  as  tlie  effect  on  the  atmosphere  is  concerned, 
but  its  "absorption  by  the  soil  is  important  as  manure.  ^  Its 
amount  indicates  decomposition.  So  far  as  free  ammonia 
concerned,  the  first  on  the  list  is  Aldershot  durmg  dry  weather, 
specimen  b;  Coventry  stands  second.  There  two  pi;ocesses_  are 
iised  both  precipitation  (with  alum,  iron,  and  lime)  and  irri- 
dation.  The  next  is  Aylesbury.  The  lime  processes  are  certainly 
Dehind. 


Albumenoid  Ammonia  B. 


Ammonia  abstracted. 

Ammonia  remaining. 

Parts  per 
100,000. 

Per  Gent, 
of  Total. 

Parts  per 
100,000. 

Per  Cent, 
of  Total. 

Aldershot  J.- 
Coventry      -          -  ■ 
Aylesbury  -  - 
Aldershot  a.  - 
Birmingham  a.  - 
Burnley 

Birmingham  b.  - 

5-195 
1-639 

0-  59 

1-  543 
0-840 
0-895 
0-390 

98-95 

9rt-40 

89-40 

88-2 

80-0 

74-6 

37-1 

0-0550 

0-061 

0-070 

0-207 

0-210 

0-305 

0-660 

1-05 
3-60 

10-  60 

11-  8 
20-0 
25-4 
62-9 

On  this  table  Aldershot  on  a  dry  day  stanc  s  oes.  "J 
a  wet  day.    Coventry  with  its  double  system  J^^x^^^^^; 
Aylesbury  with  precipitation  alone  is  almost   the   same  as 
Coventry  with  its  double  purification. 

p'rhaps  this  expression  "  on  a  dry  day  "  is  not  quite  fan:,  it  is 
meant  to  sl^ow  that  in  a  case  of  an  overflow  there  may  be  little 
rnrpurification,  but  there  is  generally  some  unless  the  flood 


be  great. 


Residual  Ammonia  C. 


Ammonia  abstracted. 


Pai-ts  per 
100,000. 


Per  Cent, 
of  ToUil. 


Ammonia  remammg. 


Parts  per 
100,000. 


Per  Cent, 
of  Total. 


Aldershot  b. 
Coventry 
Aylesbury  - 
Aldershot  u.  - 
Birmingham  a. 
Huniley 
Birmingham  b. 


11-36 
5-081 
•269 
•177 
-351 
•200 
•530 


A- 
3- 
3^ 
1' 

1' 


100-0 
99^8 
88-0 
83-0 
61-4 
29-65 
28-0 


0-00 

0-009 

0-581 

0-636 

2-109 

2-  503 

3-  930 


•00 
-2 


0- 

0- 
12-0 
17-0 
38-6 
70-35 
72-0 


Aldershot  (dry)  i.  again  the  best ;  Coventry  next ;  Aylesbury 
third. 
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The  two  chief  ammonias  in  a  sanitary  point  of  view  are  the 
albuminoid  and  residual.    They  are  therefore  added  here. 


Table  D. — Total  Organic  Ammonia,  i.e.,  Albuminoid  and 
Kesidual ;  both  Ammonias  may  be  called  "  possible." 


Ammonia  abstracted. 

Ammonia  remaining. 

Parts  per 

Per  Cent. 

Parts  per 

Per  Cent. 

100,000. 

of  Total. 

100,000. 

of  Total. 
 — 

JUdershot  b.  - 

16-555 

99-65 

0-055 

f^nvpirfr'V          —              —  - 

6-720 

98-97 

0-070 

-t^-J  ICO  UUl.  jr 

4-859 

88-20 

0-651 

11-80 

Ald**r*?Tiot  (7,    -  - 

4-720 

84-84 

0-843 

15-16 

Binrdnghain  a.  - 

4-191 

64-40 

2-319 

35-60 

Burnley 

2-095 

42-73 

2-808 

57-27 

Birmingham  b.  - 

1-920 

29-60 

4-590 

70-40 

Table 

E. — Total  Ammonia. 

Aldershot  i.  - 

28-31 

98-9 

0-300 

1-1 

Coventry       -          -  - 

8-78 

93-6 

0-590 

6-4 

Aldershot  a. 

7-633 

82-7 

1-590 

17-3 

Aylesbm-y     -          -  - 

7-839 

82-4 

■  1-671 

17-6 

Birmingham  a.  - 

5-616 

60-9 

3-594 

39-1 

Burnley 

2-215 

34-9 

4-138 

65-1 

Birmingham  b.  - 

1-400 

15-3 

7-810 

84-8 

It  is  seen  here  that  the  lowest  effluent  for  total  ammonia  is 
from  the  irrigation  farm  in  dry  weather.  Coventry  next. 
Aldershot  (wet)  and  Aylesbury  stand  third  nearly  the  same. 


Nitric  Acid. 


Sewage. 

Effluent. 
Parts  in 
100,000. 

Aldershot  b.  - 
Aylesbury    -          -  - 
Aldershot  a.  - 
Birmingham  6.        -  - 
Coventry  -  - 
Burnley  - 
Birmingham  a.  - 

None 
Traces 
None 
j> 

None 

9-23 
3-19 
2-79 
2-13 
1-22 
1-20 
1-19 

Nitric  acid  shows  the  effect  of  oxidation  on  the  organic  matter, 
and  here  the  great  action  of  air  and  of  a  porous  soil  shows  itself 
remarkably. 

The  best  seems  to  be  irrigation  in  dry  weather  when  the  land 
has  full  opportunity  to  act. 
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The  use  of  precipitation  has  a  decided  advantage  iu  wet 
weather  as  it  raises  the  purity  of  the  Coventry  water  above  the 
Ildershot  wet  specimen.  The  precipitation  method  by  alum 
flt  Avlesburv^  is  better  in  Tables  B  and  C  than  in  A..  It  is 
thMf  trJngle  processes  in  wet  weather.  Aldershot  is  the 
beJt  of  the  single"  processes  in  dry.  Coventry,  the  doiible  pro- 
cess is  the  best^in  wet  weather.  Those  which  are  good  m  wet 
leather  would  probably  show  still  better  in  dry  if  the  specimens 
:  f  tXn  freqLntly  Ling  the  year.  The  P-xpxta^^^^^ 
cesses,  when  alum  or  iron  is  used,  have  an  advantage  m  wet 
weather,  since  the  act  of  precipitation  becomes  an  act  ot  disin- 

fection.  ,  .    ,    j  j.^ 

The  effluent  specimens  were  examined  as  to  their  tendency  to 
putrefy.  Those  with  lime  changed  most.  Ammonia  is  m  parts 
per  100,000. 


Date. 

Free 
Ammonia. 

Albumenoid 
Ammonia. 

BunNLEY,  collected 
June  1879. 

16th 

June  20,  1879 
July  17,  „ 
,)    28,  „ 
Sept.  4,  „ 

1-33 
1-92 

1-  92 

2-  15 

0-805 
0-23 
0-30 
0-13 

Birmingham,  collected 
June  1879. 

23rd 

June  25,  „ 
July  17,  „ 
„    18,  J, 
„    28,  „ 

3-  222 

4-  20 
4-15 
3-90 

0-662 
0-336 
0-336 
0-324 

Aldershot  (wet)  - 
Effluent  C.  - 

-•{ 

„      7,  „ 
„    28,  „ 
Sept.  4,  „ 

0-44 

0-364 

0-140 

0-144 
0-130 
0-092 

Aldekshot,  dry 

„    16,  „ 
Oct.  11,  „ 

0-245 
0-240 

0-055 
0-058 

Atlesbuky,  collected 
July  1879. 

2nd 

July  23,  „ 

,,    26,    „  - 

„    29,  „ 
Sept.  4,  „ 

0-  96 

1-  00 
0-96 
0-045 

0-067 
0-06 
0-06 
0-035 

Birmingham  (effluent)  ammonia  rose  m  23  days  f  om  3  222  to 
4-2  ;  then  began  to  fall ;  Burnley  in  27  days  from  1  ^3  to  1  92 
Aylesbury  changed  ^^^^      ^  ^^^^  '  Aldershot  (diy)  may  be 
said  not  to  have  changed  in  25  days. 

The  caDacity  to  froth  when  shaken  is  a  very  useful  mode  of 
findhir/ttfe  Sp^^-ative  sewage  matter  rapidly.  It  may  be  said 
L  tve  been  Z^nt  in  AlderSiot  (dry),  Coventry  and  Aylesbury 
effluel  The  cl^^^^^^^  of  the  liquid  is  very  important  although 
emuenob.    j-  in  the  Coventry  sample  there  were  a  tew 

Aylesbury  were  without  colour,  when  they  had  stood  m  a  large 
colourless  glass  vessel. 
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The  total  solids  are  in  this  order  in  the  efHuents  ;  the  advan- 
tage is  in  being  low,  of  course  : — 

Parts  per  100,000. 
Aldershot  average  of  three  (wet)        -  29-5 
Aldershot  dry    -  -  -       -  41-0 

Burnley       -  -  -  -  54-0 

Coventry  -  -  -       >  70-5 

Aylesbury    -  .  -  .  89-5 

Birmingham  (6)  -  .       .  100'5 

Birmingham  (a)       -  -  -112"5 

During  floods  the  volatile  solids  stand  thus  : — 

Coventry     -  -  -  -  12*0 

Aylesbury  -  -  -      -  13-.5 

Aldershot  average  of  three  (wet)  -  13-8 
Burnley         -  -  -  -  14-0 

Birmingham  (a)  -  -     -  24-0 

Birmingham  (6)         -  -  „  26"5 

The  chlorine  has  not  been  found  the  same  in  the  effluent  as  in 
the  sewage.  This,  I  suppose,  is  owing  to  the  effluent  being  from 
sewage  of  a  time  previous  to  that  of  the  specimen  of  sewage. 

The  question  has  been  asked  which  of  these  specimens  is  most 
suited  for  passing  into  a  sewer.  None  of  these  effluents  can  be 
called  sewer-water  in  the  ordinary  sense.  The  Birmingham 
stream  froths  readily,  and  is  not  pleasant  to  the  eye.  ^  The 
Burnley  water  was  pretty  clear,  would  do  well  in  appearance  as 
a  stream  by  itself,  but  caused  a  milky  deposit  in  the  river  into 
which  it  fell,  arising,  we  may  suppose,  from  the  free  lime  taking 
up  some  carbonic  acid  from  the  river  water  and  precipitating 
carbonate  of  lime.  The  Coventry  effluent  went  into  a  stream 
which  was  very  impm-e,  and  it  might,  so  far  as  appearance  went, 
pass  into  a  shallow  mountain  stream  without  being  noticed. 
So  of  Aldershot  and  Aylesbiiry. 

In  every  respect  we  may  say  that  the  best  result  has  been  ob- 
tained by  irrigation  when  the  weather  is  not  so  wet  as  to  cause 
overflowing.  StiU  it  was  not  found  highly  successful  after  lime 
at  Birmingham. 

That  the  precipitation  with  alum  or  alum  and  iron  compounds 
is  next. 

That  in  wet  weather  there  is  an  advantage  in  precipitation, 
because  the  action  is  largely,  if  not  wholly,  independent  of 
dilution. 

That  the  lime  process  is  valuable  but  not  equal  to  the  above 
precipitation  processes. 

I  must  repeat  that  in  this  report  I  allude  only  to  the  merits  of 
the  effluent.  There  is  a  good  deal  to  be  examined  before  pro- 
nouncing on  the  ultimate  value  of  the  processes,  and  of  course  a 
large  proportion,  if  not  all  of  the  remaining  reasoning,  must  be 
left  for  Mr.  Eawlinson,  for  whose  report  this  may  be  considered 
as  a  preparation. 

I  am,  &c. 

Manchester,  16th  October  1879.  I         R.  Angus  Smith. 
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No.  VII. 

Mechanical  Aeration  of  Sewage,  &c.   Tables  of 

Experiments. 

In  the  experiments  noted  in  the  previous  chapter  we  see  how 
long  and  persistently  the  sewage  matter,  both  with  and  without 
water,  gives  out  ammonia,  and  we  must  add  at  the  same  time 
putrid,  and  therefore  offensive,  gases  and  vapours.  The  sub- 
stances were  preserved  in  vessels  partially  exposed  to  the  air ; 
that  is,  the  air  filled  the  vessel  excepting  a  very  small  space 
occupied  by  the  sewage  matter,  and  fresh  air  occasionally  allowed 
to  enter.  These  carboys  resembled  the  sewers  themselves  and 
similar  confined  places, 

I  now  go  to  entirely  different  conditions,  and  give  to  the 
sewage  matter  abundance  of  air,  examining  the  results.  I  must, 
however,  add,  that  in  the  following  experiments  the  amount  of 
air  supplied  is  greater  than  that  usually  given  to  sewage  water  in 
nature.  It  does,  however,  show  qualitatively  the  result  of 
aeration,  and  I  look  on  the  effect  as  a  parallel  to  that  which  we 
see  in  the  Clyde  and  elsewhere.  The  oxygen  does  its  work,  and 
the  gases  of  putrefaction  are  to  a  large  extent  modified,  and  in 
time  the  action  itself  ceases. 

The  aeration  experiments  were  all  made  by  Dr.  Storer's  and 
Mr.  Cranston's  apparatus,  lent  me  for  the  purpose. 

It  consists  of  an  earthenware  vessel  containing  3  •  3  gallons ; 
into  this  was  put  about  2^  gallons  of  liquid,  or  about  14  litres, 
having  an  archimedean  screw  in  the  centre,  acting  on  a  vertical 
shaft,  and  driving  the  water  down  a  cylinder  which  does  not 
reach  to  the  bottom  of  the  earthenware  vessel,  called  the  con- 
vertei'.  Along  with  the  water  air  is  driven,  and  the  mixed 
water  and  air  rise  up  on  the  outer  side  of  the  centi'e  cylinder 
ready  to  flow  in  again,  and  so  continuously.  The  screw  was 
driven  by  a  gas  engine  of  half-horse  power. 

Oxidation,  Table  I. 

We  see  here  the  condition  of  the  sewage  before  treatment.  It 
is  to  be  observed  that  it  is  not  fresh  organic  matter,  but  matter 
which  has  undergone  decomposition  as  well  as  oxidation.  We 
see  the  first  by  the  ammonia  in  solution,  and  the  second  by  the 
nitric  acid.    The  amount  of  free  oxygen  shows  the  source. 

It  is  a  curious  fact,  observed  frequently,  that  one  hour's 
aeration  removes  oxygen  as  well  as  carbonic  acid,  and  there  is  a 
general  coincidence  of  rise  and  fall  with  free  exposure.  The 
cause  of  this  is  not  clear.  It  may  be  that  the  motion  causes  the 
oxygen  to  combine ;  there  is  also  a  slight  rise  of  temperature, 
part  of  which  may  be  due  to  friction  and  part  to  oxidation. 
After  an  hour's  aeration  the  efiect  diminishes  considerably,  and 
oxygen  tends  to  assume  its  original  amount.  The  analyses  were 
made  a  day  after  the  aeration.  There  were  many  done  imme- 
diately after  aeration, — that  is,  after  allowing  the  bubbles  to 
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rise,— but  the  differences  were  too  great  to  allow  o£  any  useful 
table,  the  gases  coming  probably  at  varying  speeds  from  the 
liquid.    It  was  decided,  therefore,  to  wait  for  a  day. 

After  standing  for  16-18  days,  we  find  that  the  oxygen  of  the 
non-aerated  has  greatly  diminished,  and  the  other  shows  itself 
in  proportion  to  the  amount  of  aeration.  Aeration,  therefore, 
has  preserved  not  only  from  all  sensible  signs  of  putrefaction,  but 
from  such  chemical  action  as  these  gases  would  indicate. 

The  nitrogen  being  19-97  in  one  case  is  very  high,  and  in 
another  227  c.c.  in  a  litre ;  indeed  all  the  nitrogens  are  very  high, 
but  I  suppose  the  liberation  of  nitrogen  in  the  experiments  already 
given  may  account  for  this.  Perhaps  time  was  required  to  remove 
the  nitrogen,  or  some  may  have  been  evolved  during  the  extrac- 
tion of  the  gases,  but  it  was  found  frequently  when  there  was  no 
reason  for  believing  in  a  mistake. 

The  carbonic  acid,  as  we  may  suppose,  is  driven  out  by  aera- 
tion, but  gradually  increases  on  standing. 

The  free  ammonia  diminishes  uniformly  with  aeration,  but 
more  rapidly  in  the  first  hour,  as  w^  might  expect.  After  stand- 
ing there  is  no  difference  in  the  free  ammonia  of  the  specimens 
aerated  for  one  and  for  more  hours. 

The  albuminoid  ammonia  is  not  much  changed  in  any  of  the 
aerated  specimens,  and  this  we  might  expect  from  the  absence  of 
putrefaction;  some  oi-ganic  substance,  however,  has  evidently 
decomposed,  forming  free  ammonia.  This  organic  substance  is 
that  which  produces  the  residual  ammonia— the  nitrogenous 
matter  not  decomposed  in  the  treatment  for  albuminoid 
ammonia.  In  the  non-aerated  the  albuminoid  ammonia  has 
increased  decidedly. 

The  nitric  acid  has  in  every  instance  disappeared,  when  kept 
long,  and,  no  doubt,  has  given  out  nitrogen  in  conformity  with 
previous  experiments.  This  is  an  important  point  m  the 
purification  of  rivers,  and  settles  the  question,  do  rivers  purity? 
but  not  the  time. 

In  this  inquiry  Wanklyn's  process  for  ammonia  and  albuminoid 
ammonia  was  used,  but  I  divide  the  nitrogenous  matter  into 
three  parts,  the  ammonia  free  and  saline  as  one,  the  albuminoid, 
and  the  residual.  We  do  not  follow  the  stages  of  decomposition 
w;hen  we  estimate  the  total  nitrogen  pnly. 
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Table  II. 

Glasgow  Sewage. 

After  half  an  hour's  oxidation  the  carbonic  acid  fell  as  before. 
The  oxygen  was  very  low  at  first,  and  rose  but  only  a  little.  The 
addition  of  lime  has  lessened  both  the  carbonic  acid  and  oxygen. 
This  in  part  explains  the  increase  of  nitrates  when  lime  is  used. 
There  seems  no  increase  of  nitrates  by  aeration  with  the  appa- 
ratus alone,  but  there  is  some  formed  after  22  days. 

The  free  ammonia  diminishes  by  the  use  of  agitation,  but 
increases  by  standing. 
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Summary  of  ExpeHments,  Aeration  of  Sewage. 

In  all  cases  putrefaction  is  delayed  by  aeration.  The  oxygen 
recovers  itself  in  the  aerated  specimens  better  than  in  the  non- 
aerated.  Nitrates  are  formed  more  readily  in  the  aerated  than 
in  the  non-aerated  specimens. 

Ammonia  is  lost  by  agitation,  but  specially  by  the  previous 
a,ddition  of  lime.  The  amount  of  lime  added  was  -171  or,  per 
litre,  or  12  grains  to  the  gallon.  ^  ' 


TABLE  IV. 

The  experiments  were  made  with  water  containing  10  cub.  cent 
of  putrid  blood  to  15  litres. 

They  show  a  diminution  of  oxygen  and  of  carbonic  acid  by 
agitation  ;  also  an  increase  of  nitrates. 

The  peculiarities  came  out  more  strongly  here  than  with  the 
sewage. 

The  diminution  of  oxygen  is  not  observed  so  much  in  the 
aerated  as  m  the  non-aerated. 

The  oxygens  rise  and  fall  very  irregularly ;  this  may  come  from 
changes  of  temperature. 

The  nitrates  always  rise  up  to  a  certain  point,  and  then  be-^iu 
to  fall.  ° 

It  appears  as  if  the  putrid  matter  were  able  to  contain  nitrates 
to  a  certain  extent  before  the  action  which  destroys  them  both 
commences.    This  also  depends  on  temperature 
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No.  VIII. 

Connection  of  this  Woek  with  recent  Microscopic 

Inquiries. 

It  may  be  interesting  to  connect  this  subject  with  the  pro- 
gress of  microscopic  inquiry.  After  writing  the  opinion  on 
the  action  of  the  air,  I  made  many  examinations  of  aerated 
sewage,  and  found  that  the  act  of  aeration  prevented  putre- 
faction. It  was  my  intention  to  examine  tlie  matter  micro- 
scopically ;  and,  indeed,  I  did  so,  but  not  with  that  fullness  which 
a  professed  microscopist  attains.  I  am  therefore  glad  to  allow 
this  part  of  the  subject  to  pass  into  other  hands,  so  far  as  sewage 
is  concerned,  remarking  that  the  chemical  change  is  most  decided. 
An  hoiir's  aeration  will  enable  sewage  water  to  keep  without 
putrefaction  from  two  to  three  weeks  in  weather  ranging  from 
the  beginning  of  July  1880  in  Glasgow,  where  experiments  were 
first  made  with  Storer  and  Cranston's  apparatus,  till  the  end  of 
spring  1881  in  Manchester. 

My  idea  was  to  kill,  by  the  use  of  air,  the  germs  of  disease 
and  of  putrefaction,  whatever  they  might  be,  judging  this 
possible  simply  from  the  fact  that  they  seemed  to  be  killed  when 
they  passed  from  sewers  into  rivers.    Still  it  seemed  to  me  that 
it  would  be  better  if  putrefaction  were  allowed  its  full  action 
first,  so  that  many  organic  substances  should  be  decomposed, 
and  some  living  organisms  themselves  broken  up  into  gases  or 
into  intermediate  products,  when  afterwards  the  oxygen  would 
purify  the  solution.    This  is  a  plan  that  may  be  adopted  syste- 
matically in  some  places,  as  I  believe  it  is  adopted  practically,, 
but  without  intention,  in  many  places.    The  action  in  the  sewer- 
rivers  is  partly  this ;  and  when  there  is  little  water,  that  is,  when 
there  is  a  strong  solution  of  sewage,  this  is  probably  the  chief' 
action.    The  oxidation  takes  place  very  rapidly  after  putre- 
faction.   (On  this  point  I  have  only  general  observation,  not 
measured  results.)    ^s  we  seldom  can  allow  the  water  to  stand 
long  enough  to  undergo  complete  putrefaction,  it  comes  from  the- 
sewers  into  the  rivers  in  a  condition  which,  so  far  as  I  know,, 
has  not  been  characterised  microscopically  with  a  knowledge  up 
to  the  latest  date.    I  am  therefore  speaking  somewhat  vaguely 
when  I  say  that  we  may  take  it  for  granted  that  the  minute- 
organisms  causing  disease  have  not  been  acted  on  sufficiently  to 
be  destroyed.    It  would  be  interesting  to  know  at  what  stage 
they  are  destroyed.    The  mixture  of  the  sewage  water  with 
river  water  will  produce  an  act  of  oxidation  to  a  certain  extent, 
and  will,  in  cases  where  there  is  water  enough,  produce  an  act 
of  purification  so  far,  but  a  further  flow  will  increase  the  oxida- 
tion.   In  the  Clyde  and  the  Irwell  (as  in  the  Thames  before  the 
new  sewage  system  was  adopted)  the  action  of  putrefaction  is- 
decided,  but  it  is  limited  by  the  struggle  with  oxidation.  A 
part  of  the  river  becomes  a  reservoir  for  putrefaction,  although 
probably  not  to  its  utmost,  and  the  lower  part  a  place  for 
oxidation.    For  this  reason  it  is  suitable  to  have  the  first  part 
confined,  so  as  to  allow  the  putrefaction  full  force,  and  after  this 
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to  have  the  water  spread  as  much  as  possible  to  allow  of  fullest 
oxidation.  A  fair  example  of  this  is  given  in  the  action  in  the 
Clyde  above  Dumbarton  as  putrefactive,  then  down  to  Greenock 
as  oxidizing  ;  and  if  by  no  means  satisfactory,  it  is  so  far  good 
and  nature's  method. 

This  is  entirely  regardless  of  the  comfort  of  the  inhabitants, 
who  may  object  to  the  part  of  the  river  "being  devoted  to 
purification  by  putrefaction.  That,  however,  brings  in  another 
subject.    For  irrigation  pui-poses  solely,  rapid  transference  is  best. 

To  return  again  to  the  efiect  of  oxidation,  I  wish  to  introduce 
an  extract  from  two  papers;  and,  first,  that  already  quoted, 
Ghem.  News,  1865,  p.  304. 

"  On  the  examination  of  Water  for  Organic  Matter. 

"  The  gases  of  pure  water  contain  34  per  cent,  of  oxygen. 

«  Dalton  found  cistern  water  almost  deprived  of  its  oxygen, 
and  I  have  found  every  per-centage  of  oxygen,  from  34  down- 
wards. I  go  fiurther  into  this  point  in  my  chapter  on  water, 
which  I  hope  to  bring  out  soon.  Meantime,  I  may  say  that  the 
examination  for  oxygen  is  a  very  important  one. 

The  loss  of  the  oxygen  with  peaty  matter  and  no  vegetation 
indicates,  as  already  said,  the  formation  of  carbonic  or  a  bitter 
acid.  The  loss  of  oxygen  with  evolution  of  sulphuretted 
hydrogen  indicates  putrefaction.  But  there  are  two  conditions 
which  externally  resemble  each  other  very  much,— the  growth  of 
vegetable  matter  with  diminished  oxygen,  and  the  growth  of 
vegetable  matter  with  excess  of  oxygen.  Water  in  the  first 
of  these  conditions  may  contain,  as  I  imagine,  the  most  dangerous 
ingredients.  Germs  of  all  kinds  may  exist  in  such  waters,— we 
do^'not  know  to  what  extent ;  and  as  we  are  very  ignorant  on 
the  subject,  it  is  well  to  be  alarmed  at  the  conditions  until  we 
have  examined  them  and  made  distinctions." 

I  add,  perhaps  too  cautiously,  but  still  believing  in  the  power 
of  oxidation,  even  when  vegetable  matter  was  growing  in  it  :— 
"  We  do  not  know  much  about  the  second  of  these  two  _  {%.e. 
with  excess  of  oxygen),  and  if  I  think  it  is  less  dangerous  it  is 
perhaps  more  from  a  prejudice  in  favour  of  the  abundance  of 
vital  air,  and  of  those  hill  waters  which  do  not  contain  bitter 

peat."  .    .    •  J.  I.- 

So  far  as  this  purification  by  air  is  concerned,  it  is  interesting 
to  see  that  it  is  the  right  track,  and  to  be  able  to  look  at  the 
researches  of  Pasteur  and  of  Dr.  Ogston  as  confirming  the  views, 
if  indeed  there  was  any  need  of  confirmation  of  the  fact  that  air 
purified.  Yes,  there  was  need,  as  there  have  been  questions  as 
to  orcranisins  on  the  hiUs  acting  with  all  their  poisoning  vigour 
after°being  brought  down  by  rivers.  It  was  my  belief  at  one 
time  that  the  eflecfc  of  dilution  was  the  purifier,  but  now  that 
may  be  supplemented  by  the  effect  of  oxygen  preventing 
putrefaction  as  proved  here,  and  by  weakening  the  action  pf 
the  germs,  at  least  of  some  diseases,  as  shown  by  Pasteur  in 
his  researches  on  the  chicken  cholera,  and  by  Dr.  Ogston  on 
the  micro-organisms  in  pus. 
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The  words  of  Pasteur  may  Le  given  here,  as  introduced  into 
the  "  Chemical  News,"  22nd  April  1881  :— 

"  On  the  Attenuation  of  the  Virus  of  Chicken  Cholera, 

hy  L.  Pasteur. 

"  Now  that  we  have  arrived  at  this  point,  a  question  pre- 
sents itself  which,  relates  to  the  cause  of  the  attenuation  of 
virulence. 

"  The  cultivations  of  our  virus  must  take  place  in  contact 
with  air,  because  our  virus  is  aerobian,  and,  without  air,  its 
development  becomes  impossible.  We  are  then  naturally  led  to 
ask  whether  the  attenuation  of  the  virus  is  not  due  to  contact 
with  the  oxygen  of  air?  Would  it  not  be  possible  that  the 
small  organism  which  constitutes  the  virus,  when  left  in  contact 
with  the  oxygen  of  pure  air,  in  the  medium  of  cultivation  in 
which  it  has  developed,  may  have  been  modified,  and  the  change 
remains  permanent,  even  after  the  organism  has  been  withdrawn 
from  the  modifying  influence  ?  W^e  may  also  inquire  whether 
some  chemical  principle  in  the  atmosphere,  other  than  oxygen, 
does  not  intervene  in  this  phenomenon,  the  singularity  of  which 
almost  justifies  my  hypothesis. 

"  It  is  easy  to  understand  that  the  solution  of  this  problem,  in 
case  it  depends  on  our  first  hypothesis,  that  the  phenomenon  is 
due  to  the  oxygen  in  the  atmosphere,  may  be  tried  by  experi- 
ment. If  oxygen  is  in  reality  the  cause  of  the  attenuation  of 
virulence,  we  may  have,  to  a  certain  degree,  a  proof  of  it  by 
noting  the  effect  of  suppressing  it. 

"  To  test  this,  let  us  conduct  oiir  cultivations  in  the  following 
manner : — ^We  may  take  a  certain  quantity  of  our  chicken  broth 
and  place  in  it  the  most  virulent  virus,  and  fiU  with  it  a  series 
of  glass  ttibes  up  to  two-thirds,  three-quarters,  &c.  of  their 
volumes.  These  tubes  may  then  be  closed  over  the  lamp.  By 
the  presence  of  the  small  quantity  of  air  left  above  the  liquid 
the  development  of  the  virus  may  be  started,  which  is  ascer- 
tained by  the  increasing  turbidity  of  the  liquid.  The  develop- 
ment of  the  cultivation  gradually  absorbs  all  the  oxygen 
contained  in  the  tube.  The  turbidity  then  diminishes,  the 
growth  is  deposited  on  the  sides  of  the  tube,  and  the  liquid 
becomes  limpid.  This  takes  places  generally  in  two  or  three 
days.  The  microscopic  organism  is  then  deprived  of  oxygen, 
and  will  remain  in  this  condition  as  long  as  the  tube  is  not 
opened.  What  will  become  of  its  virulence  ?  To  be  sm'e  of  our 
results  we  will  have  prepared  a  great  number  of  such  tubes  and 
an  equal  number  of  flasks,  which  last  will  continue  to  be  left  in 
contact  with  pure  air.  We  have  already  spoken  of  what  becomes 
of  cultivations  carried  on  in  presence  of  aii".  We  know  that 
they  experience  a  progressive  attenuation  of  their  virulence,  and 
we  will  not  return  to  this  subject.  Let  us  now  only  pay 
attention  to  the  cultivations  in  closed  tubes.  Let  us  open  them 
— one  after  an  interval  of  a  month,  another  after  three  months, 
and  so  on  until  we  open  one  that  has  stood  ten  months.    I  have 
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not  gone  any  further  at  the  present  time.  It  is  a  remarkable 
circumstance  that  the  virulence  in  all  these  cases  is  of  the  same 
degree  as  that  of  the  liquid  which  served  to  fill  up  the  tubes. 
As  to  the  cultivation  exposed  to  the  air,  they  are  found  either 
dead  or  in  a  condition  of  feebler  virulence. 

"  The  question  we  have  proposed  is  then  solved  :  it  is  the 
oxygen  of  the  air  which  attenuates  and  extinguishes  the 
virulence. 

"  To  all  appearances  we  have  here  what  is  more  than  an 
isolated  fact.  We  must  have  reached  to  a  general  principle. 
We  may  suppose  that  an  action  which  is  inherent  to  atmospheric 
oxygen,  an  agent  present  eveiywhere,  has  the  same  influence  on 
other  viruses.  At  any  rate  it  is  worthy  of  interest  that  possibly 
a  general  cause  of  attenuation  exists  dependent  on  an  agent 
which  is  in  a  manner  cosmical.  Can  we  not  suppose  even  now 
that  it  is  to  this  cause  that  we  can  attribute  in  the  present,  as 
in  the  past,  the  limits  set  to  great  epidemics. 

"  The  facts  which  I  have  had  the  honour  to  communicate  to 
the  Academy  suggest  many  proximate  and  remote  inductions. 
From  all  these  I  must  hold  back  with  reserve.  I  will  not  feel 
authorised  to  present  them  to  the  public  uuless  I  make  them 
pass  into  the  domain  of  demonstrated  truths." 

Also  from  Dr.  Alex.  Ogston : — 

From  a  "  Report  upon  Micro-organisms  in  Surgical  Diseases" 
by  Alexr.  Ogston,  M.JD.—Brit.  Med.  Jour.,  12th  March  1881. 
"  The  results,  so  far  as  has  been  gone,  may  be  summed  up  as 

follows : — 

"  Cold  abscesses  contain  no  micro-organisms,  and  their  pus  is 
harmless. 

"  Acute  and  pysemic  abscesses  always  contain  micrococci. 

"  Pus  whose  micrococci  have  been  killed  by  carbolic  acid  or 
high  temperature  is  harmless. 

"Pus  containing  micrococci  is  resisted  by  animals  if  the  dose 
be  minute,  or  if  it  be  injected  into  the  peritoneal  cavity. 

"Doses  of  one  or  two  mim'ms  injected  into  the  sub -cutaneous 
tissue  may  cause  death  by  blood-poisoning,  or  may  cause 
sphacelus  of  the  site  of  the  injection,  or  may  be  resisted  by  an 
unusually  insusceptible  animal. 

"As  a  general  rule  such  doses  produce  acute  inflammation, 
accompanied  by  blood-poisoning  and  ending  in  abscess. 

"  The  third  part,  upon  micrococci  in  wounds  and  suppurations, 
is  summed  up  as  follows  : — 

"  Suppurating  wounds  contain  micrococci,  whose  numbers  and 
activity  are  proportionate  to  the  intensity  of  the  suppuration.  ^ 

"Listeriau  dressings  prevent  micro-organisms  from  gaining 
access  to  wounds. 

"Micrococci  in  wounds  withstand  most  antiseptic  applications. 

"Where  no  micrococci  are  present  in  wounds,  no  pus  is 
produced  ;  the  discharge  is  serous. 
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"  Micrococci  exist  wherever  pus  occurs,  save  in  chronic  sup- 
purations, such  as  cold  abscess,  chronic  acne  vulgaris  (?),  &c. 
Micrococci  in  man  produce  the  same  varying  effects  as  in 
animals  ;  they  may  produce  blood-poisoning  without  suppura- 
tion, they  may  cause  suppuration,  or  they  may  be  resisted  by 
strong  individuals  under  favouring  circumstances.  Lastly,  there 
are  possibly  micrococci  that  do  not  produce  suppuration." 

An  account  of  numerous  cultivation  experiments  is  given,  and 
the  certain  opinion  is  expressed  that  the  cultivation  must  go  on 
in  absence  of  air,  i.e.  air  is  hurtful  to  the  cultivation  of  the 
micrococci.  The  most  successful  method  employed  was  to  inject 
the  seed  fluid  to  the  end  of  an  egg  opposite  to  a  very  small 
puncture  made  to  admit  a  hollow  needle.  Antiseptic  precautions 
were  taken  to  exclude  the  action  of  germs  in  the  air. 

"  To  sum  up,  micrococci  do  not  produce  putrefaction.  They 
develope  best  when  removed  from  the  atmosphere.  The  pre- 
ceding facts  prove  that  they  are  able,  under  suitable  circum- 
stances, to  give  rise  to  blood-poisoning,  to  acute  inflammation,, 
and  to  suppuration." 

The  experiments  described  in  this  report  show  that  aeration 
delays  putrefaction.  If  it  does  not  kill  the  germs  or  organisms 
which  produce  putrefaction,  it  weakens  them,  as  in  the  case  of 
chicken  cholera.  It  is  possible  that  they  may  die  in  the  oxygen, 
and  the  liquid  may  be  again  supplied  with  them. 

A  curious  question  arises  then :  What  is  the  value  of  a  process 
of  oxidation  which  does  not  kill  the  germs  of  putrefaction; 
because,  if  they  are  not  killed,  what  proof  have  we  that  the 
genns  of  diseases  are  not  killed  ?  We  have  no  proof;  but  we  are 
told  by  Pasteur  that  in  certain  cases  at  least  the  germs  of  disease 
are  made  innocent  by  the  action  of  air ;  and  I  find  as  a  distinct 
fact  that  the  germs  of  putrefaction  are  also  so  weakened  that . 
they  produce  no  effect  until  after  considerable  time.  If  the 
germs  of  all  diseases  are  affected  as  the  germs  of  chicken  cholera 
and  putrefaction  are,  then  we  must  look  to  the  aeration  as  a 
cure  for  a  certain  time.  This  time  being  long  and  measured  by 
weeks,  the  water  or  sewage  treated  can  in  almost  all  cases  be 
far  removed,  and  sent  to  places  where  its  impurities  will  be 
without  effect. 

The  proposal  quoted  from  my  previous  papers  to  examine  the 
growtli  of  the  organisms  in  water  was  not  carried  out  by  me, 
but  I  am  glad  to  have  been  in  the  right  track  so  long  ago,  and 
to  have  been  so  also  with  the  inquiries  as  to  oxidation.  The 
results  obtained  by  Koch  and  also  by  Klebs  must  receive  the 
attention  of  chemists.  It  does  not  appear  that  even  if  we  kill 
all  the  germs  in  any  process  that  much  advantage  is  gained  if 
they  are  so  readily  producible  from  neighbouring  sources.  The 
discussion  whether  those  wliich  are  most  common  in  smaller 
numbers,  and  are  in  constant  supply,  can  by  some  peculiar 
change  of  condition  not  visible  to  us  become  so  abundant  as  by 
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tlieiv  very  bulk  to  be  deadly,  or  by  their  character  to  be  active, 
virulent,  and  equally  destructive  to  higher  animal  life,  is  one 
which  must  greatly  interest  chemists  as  well  as  biologists.  As 
chemists  we  can  only  exhibit  the  inorganic  phenomena  so  far ; 
we  ha;ve  no  test  for  vitality.  The  advice  I  gave  so  long  ago  has 
riot  been  sufficiently  taken  by  myself,  but  Koch  has  made  it 
easier  to  take,  and  we  must  not  forget  the  results.  At  the  same 
time  as  chemists  we  must  not  forget  that  chemical  tests  are  not 
exhausted,  and  the  two  inquiries  must  go  on  until  they  blend 
into  one,  as  they  must  ultimately  do. 

These  researches  do  not  prove  to  us  that  the  germs  spoken  of 
a;r6  destroyed  by  oxygen ;  they  become  weak,  and  this  weakness 
increases  to  absolute  ineffectiveness,  and  so  far  we  are  guarded  ; 
and  they  may  be  supposed  also  from  their  weakness  to  increase 
less  rapidly,  or  to  cease  to  play  a  prominent  part,  but  ready  to 
begin  again.  Analogy,  however,  would  lead  us  to  believe  in 
complete  annihilation  of  the  first  series  in  the  case  of  those  that 
produce  putrefaction,  so  that  they  may  make  room  for  their 
successors.  The  relation  of  the  succeeding  to  the  first  is  not 
known  to  me  at  least,  and  I  judge  simply  from  analogy  that  the 
first  organisms  will  be  destroyed  with  the  mass  of  the  organic 
matter  which  is  destroyed.  The  destruction  is  so  great  in  the 
case  of  putrefaction  that  we  see  the  bubbles  rising  before  us 
rapidlj".  The  gases  given  out  were  found  to  be  carbonic  acid, 
hydrogen,  carbonic  oxide,  carburetted  hydrogen,  nitrogen,  sul- 
phuretted hydrogen. 

Still  there  is  a  limit  to  the  proportion  of  organic  matter 
destroyed  by  putrefaction,  and  I  suppose  oxygen  to  be  the  body 
which  comes  and  concludes  the  process.  There  is,  however,  an 
oxidation  going  on  slowly  in  sewage  before  putrefaction,  but  it 
is  not  a  very  rapid  one,  and  what  time  is  required  to  destroy 
the  several  classes  of  organisms  has  not  been  made  out.  I  see 
no  reason  as  yet  for  Pasteur's  hypothetical  influence  other  than 
oxygen. 

When  Dr.  Storer  came  to  me  with  a  proposal  to  use  his 
apparatus  for  aerating  sewage,  we  had  not  the  investigations  of 
Pasteur  to  go  upon,  but  I  was  very  glad  to  have  the  opportunity 
of  using  the  means  put  into  my  hand.  Dr.  Storer's  apparatus,  as 
the  time  for  considering  the  subject  was  come. 

To  the  opinions  and  facts  already  given  we  must  add  the 
remarkable  observations  recorded  in  the  Royal  Agricultural 
Society's  Journal,  No.  XXXIII,  Part  1,  1881,  by  Dr.  W.  S. 
Greenwood. 

It  seems  clearly  proved  there  that  sewage  that  has  undergone 
no  putrefaction  or  sufficient  oxidation  is  a  very  destructive 
agent  when  it  contains  the  debris  of  diseased  action  in  the 
human  body,  in  some  if  not  all  cases.  It  seems  to  follow  as  a 
natural  conclusion  that  as  disease  has  not  been  observed  to  any 
very  decided  extent  as  following  the  use  of  sewage  irrigation, 
that  the  putrefaction  and  oxidation  are  in  ordinary  cases  suffi 
cient.    But  there  are  some  differences  of  opinion,  and  it  is  pro- 
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bable  tliat  these  processes  of  destruction  and  purification,  in 
cases  where  the  sewage  has  been  injurious,  have  been  interrupted 
too  rapidly  by  the  rapid  ti-ansfer  of  the  sewage  to  the  soil.  On 
this  point  we  must  refer  to  the  remarkable  inquiry  by  Dr. 
Greenwood.  At  a  mill  near  Binglej",  woolsorters'  disease  and 
malignant  pustules  had  broken  out  amongst  those  who  worked 
with  mohair  coming  from  Van.  To  disinfect  the  wool  it  was 
exposed  to  the  air  on  a  field.  In  a  few  days  a  cow  died  in  a 
field  which  received  the  village  sewage,  and  next  month  cattle 
and  sheep  were  attacked  by  anthrax.  In  a  series  of  experiments 
carefully  made  it  was  abundantly  proved,  that  the  disease  had 
come  from  the  wool, — which,  however,  seemed  t(5  have  been 
roughly  torn,  let  us  hope,  from  dead  animals,  as  some  of  the  skin 
and  flesh  was  at  times  found  attached. 

In  relation  to  this  report  on  impure  wool,  I  may  mention  a 
circumstance  elsewhere  mentioned,  as  it  occurred  many  years 
ago.  I  was  rather  disgusted  on  entering  into  a  room  in  a  large 
paper-works  where  rags  were  sorted.  These  rags  came,  from  all 
the  miserable  wretches  that  lived  or  died  in  unwholesome  dens, 
prisons,  workhouses,  and  hospitals  on  the  continent,  and  seemed 
to  call  up  every  variety  of  human  bodily  misery  lingering  in 
our  civilisation.  What  diseases  might  not  be  there,  and  must 
have  been  there.  In  this  room  dust  was  flying  about,  and  a 
number  of  young  people,  about  20  years  of  age,  were  working 
diligently  there.  I  certainly  never  had  seen  more  healthy 
looking  specimens  of  young  women.  They  were  much  beyond 
the  average  in  bulk,  their  cheeks  were  ruddy,  and  their  com- 
plexions remarkably  good,  different  decidedly  from  other  women 
in  the  neighbourhood.  I  asked  if  none  of  them  were  ever 
poisoned :  no  such  thing  was  said  to  be  known.  I  asked  the 
owner  to  weigh  them,  but  he  never  did  so.  I  have  often  con- 
sidered this  case,  and  every  time  I  came  to  the  conclusion  that 
the  original  substances  had  undergone  a  transformation,  and  the 
germs  of  disease  had  been  destroyed  by  an  act,  if  not  of  putre- 
faction, of  at  least  some  analogous  chemico-organic  change. 
This  first  showed  me  the  value  of  putrefaction  as  a  purifying 
agent. 

I  may  add  here  that  I  had  attempted  by  the  use  of  fermenta- 
tion to  estimate  the  amount  of  vitalized  matter  in  the  air,  and 
I  give  one  attempt  here  from  the  10th  Annual  Report,  pp.  42 
and  43. 

"  Some  Hidden  Qualities  of  Town  Air. 

"  Some  years  ago  I  made  inquiries  into  the  effect  of  various  substances 
in  preventing  putrefaction  ;  the  effect  was  meabured  in  one  set  of  trials 
by  the  amount  of  sulphuretted  hydrogen  produced,  and  in  another  set 
by  the  amount  of  gases  of  decomposition  evolved.  Lately  I  made 
another  series,  with  the  view  of  finding  if  there  were  any  bodies  in  the 
atmosphere  of  large  towns  which  prevented  decomposition,  the  opinion 
being  that  the  sulphurous  gases  must  have  this  effect.  I  tlid  not  find 
that  putrefaction  was  a  satisfactory  method  of  trial,  and  I  trusted  to 
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fermentation  of  sugar  as  one  more  under  our  command.  The  air  of  the 
town  was  used  first,  that  is,  a  certain  quantity  of  air  was  washed  with 
pure  water,  and  a  fixed  quantity  of  sugar  and  yeast  added.  At  the 
same  time  there  was  a  control  experiment  made,  lest  the  yeast  should 
be  peculiar.  This  was  done  simply  by  using  the  same  amount  of  yeast 
and  sugar  in  pure  water,  without  adding  any  air  washing.  There  was 
no  mode,  however,  employed  of  preventing  ordinary  contact  of  the  air. 

"  The  results  of  these  experiments  are  very  irregular,  as  one  might 
•suppose  when  dealing  with  such  substances  as  yeast.  Sometimes  the 
amount  of  carbonic  acid  obtained  was  ahnost  nothing,  and  at  other 
times,  apparently  with  the  same  quality  of  substance,  there  would  be 
disengaged  a  large  amount.  It  was  needful,  therefore,  to  make  numerous 
experiments,  satisfied  that  absolute  exactitude  could  not  otherwise  be 
gained,  if  it  even  then  could.  The  results,  however,  are  not  without 
interest  if  we  take  the  averages,  because  in  them  we  see  a  uniformity 
which  it  is  impossible  to  see  in  the  list  of  apparently  struggling 
individual  experiments. 

"  These  trials  were  made  at  various  times,  occupying  a  portion  of 
every  month  for  two  years.  It  seemed  to  me  that  nothing  would  come 
of  them,  and  that  much  time  was  lost.  However,  I  did  venture  to  look 
the  whole  in  the  face  lately,  and  summed  them  up,  bringing  out  the 
averages.  It  is  apparently  true  that  the  air  of  a  town  influences  fer- 
mentation in  sugar  to  a  certain  extent." 

The  researches  of  Dr.  Koch,  however,  have  obtained  results 
far  superior,  and  by  using  a  part  of  his  process  I  am  obtaining 
very  promising  results,  to  be  spoken  of  later. 


Having  now  given  some  of  the  principal  points  connected  with 
the  idea  of  aerating  sewage,  I  may  make  some  further  investiga- 
tion into  the  result.  What  advantage  would  it  be  to  any  city  to 
send  down  its  sewage  into  a  river  in  a  condition  in  which  it  did 
not  putrefy,  if  it  were  to  have  an  appearance  of  impurity  as 
great  as  ever  ?  I  think  this  would  be  an  advantage,  but  not  a 
sujficient  one.  "We  demand  more.  Indeed,  the  appearance  is 
quite  as  much  a  matter  to  be  considered  as  any  other  point. 
Perhaps  we  may  say  that  it  is  the  chief  point.  We  have  not 
proved  any  disease  to  occur  from  the  sewage  below  Glasgow  or 
Manchester,  although  I  see  that  some  one  has  observed  a  peculiarly 
poisonous  centiped  in  the  mud  opposite  Liverpool,  and  fears,  pro- 
bably too  well  founded,  are  rising  on  the  Clyde  where  shores  are 
left  bare.  The  appearance  of  a  river  is,  to  say  the  least,  a  prominent 
point ;  next,  the  Hsh  question  is  an  important  one  ;  and  although 
sewage  is  an  excellent  feeder  of  fish,  these  do  not  enter  the 
places  where  sewage  is  very  strong,  and,  I  believe,  never  at  all 
where  there  is  putrefaction  going  on.  We  do  not  effect  enough 
by  removing  the  tendency  to  putrefy.  We  may  then  ask,  what 
more  is  to  be  done  ? 

A  very  common  jilan  is  to  allow  the  sewage  to  pass  into 
tanks  and  deposit.  This  generally  brings  on  purification  by 
putrefaction,  and  of  course  would  receive  fEwour  if  it  were 
thorough  enough, — which  it  seldom,  if  ever,  is.  In  most  cases 
there  is  not  ground  enough  for  it;  and  although  some  towns  take 
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room  enough  by  converting  tlie  rivers  into  putrefying  tanks,  and 
so  purifying  the  watei*,  the  result  has  the  objection  already 
mentioned.  This  certainly  has  the  advantage  of  being  well  tried. 
I  might  have  mentioned,  as  an  argument  in  favour  of  putre- 
faction and  the  destruction  of  diseases  in  rivers,  that  the  Thames 
water  not  along  ago  was  considered  the  best  of  all  water  on 
ships,  after  it  had  stood  and  putrefied  in  the  barrels  on  board. 
I  am  therefore  on  safe  ground.  Still  it  is  desired  that  the  water 
be  cleared,  and  it  is  cleared  at  present  very  slowly  by  putrefaction 
and  subsequent  subsidence  or  filtration  in  its  own  bed. 

For  sewage  filtration  unaided  has  been  given  up,  but  filtration 
with  lime  is  a  possible  process. 

The  use  of  lime  has  now  been  long  tried,  and  it  has  been 
shown  to  possess  many  good  qualities.  It  clears  the  sewage 
■with  great  rapidity  to  a  certain  extent.  But  I  need  not  describe 
its  action,  as  this  has  been  done  so  well  before,  and  especially 
by  Dr.  "Wallace,  of  Glasgow,  who  has  made  a  special  study  of  the 
subject.  It  may  be  even  asked,  what  advantage  can  we  obtain 
by  any  aeration  if  lime  is  used  ? 

It  is  agreed  that  the  effluent  from  lime  is  still  liable  to  putre- 
faction, although  this  action  is  postponed  for  a  time  and  dimi- 
nished also.  Dr.  Wallace  finds  that  if  the  sewage  water  of 
Glasgow  is  allowed  to  mix  with  twelve  times  its  bulk  of  river 
water,  the  result  will  be  entire  freedom  from  further  smell  or 
putrefaction.  It  has,  among  other  results,  been  oxidized.  By 
aeration,  then,  we  seem  to  do  that  something  for  a  time  which 
twelve  times  its  bulk  of  water  does  to  the  sewage  permanently. 
The  absence  of  putrefaction  after  aeration,  even  with  the  solid 
remaining  in  the  water,  is  a  very  great  result ;  still  I  am  unable 
to  decide  on  its  ultimate  value  from  present  results. 

Lime,  then,  does  not  disinfect  in  such  a  way  as  to  prevent 
putrefaction  as  long  as  aeration  does,  but  it  clears  the  liquid 
much  more  thoroughly,  and  if  the  effluent  is  removed  the  putre- 
faction resulting  cannot  be  equal  to  that  which  would  take  place 
in  the  aerated  sewage  after  a  certain  time. 

This  seems  to  lead  to  another  point,  namely,  is  it  not  best, 
then,  to  use  both  processes — the  lime  and  the  aeration?  The 
lime  to  clear,  and  the  aeration  to  delay  putrefaction,  until  the 
water  flowed  out  of  the  reach  of  danger.  It  is  probable  that  in 
this  case  none  would  take  place  whatever  in  any  of  the  circum- 
stances usually  found  at  towns. 

The  results  here  are  given  of  a  great  many  experiments,  but 
they  are  all  laboratory  experiments,  we  must  remember.  I  have, 
however,  seen  enough  of  lime  precipitation  to  make  me  believe 
that  something  more  would  not  be  a  disadvantage. 

This  account  does  not  contradict  anything  already  said  of  the 
great  value  of  the  use  of  alum  and  iron  salts,  and  it  is 
thought  well  to  append  the  account  previously  given,  1879. 
The  matter  of  expense  must  be  settled  by  others. 
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No.  IX. 

Extraction  of  Ammonia. 

I  have  not  at  all  considered  independently  the  expense  of 
aerating  in  this  manner  a  million  gallons,  but  I  am  assured  that 
the  apparatus  is  not  at  all  likely  to  be  too  expensive.  It  heus 
been  considered  that  one  hour's  agitation  will  be  enough.  This 
has  been  variously  calculated  for  expense.  I  shall  not  give  my 
calculation.  The  amount  arrived  at  is  much  higher  than  that 
obtained  by  Messrs.  Storer,  but  I  must  yield  to  their  gi-eater 
experience. 

When  sewage  is  aerated,  and  left  with  the  solid  matter  in  it, 
there  is,  of  course,  abundant  room  for  a  new  succession  of  putre- 
factive material,  and  it  is  necessary  to  remove  that  rapidly  by 
precipitation  or  by  filtration.  These  methods  may  both  be 
useful ;  namely,  precipitation,  so  as  to  allow  the  deposit  to  leave 
a  considerable  amount  of  clean  water  above.  After  this  filtration 
may  be  used  for  collecting  the  deposit,  if  it  is  true  that  the 
improvements  in  filters  is  as  great  as  I  hear  of  I  have  read 
and  been  told  of  several  inventions  in  this  direction  which  seem 
to  me  of  great  value,  but  I  have  not  entered  practically  on  a 
study  of  them.  It  was  found,  however,  that  ammonia  came  oft' 
more  readily  when  the  sewage  was  not  filtered. 

This  subject  has  baffled  aU  engineers.  Sewage  has  caused 
expense,  and  it  has  failed  to  produce  profit  in  cases  which  cannot 
be  called  exceptional.  It  is  not  proposed  to  describe  the  causes, 
but  one  certainly  is  pre-eminent, — the  great  bulk  of  water  now 
used  for  supplying  towns.  And  this  cause  allies  itself  to  another, 
namely,  the  great  mass  of  water  as  rain,  which  in  some  parts  of 
the  country  weakens  the  sewage  in  its  flow  or  in  the  fields 
already  drenched.  The  amount  of  ammonia,  as  we  have  long 
known,  is  great  in  sewage,  but  we  have  not  known  how  to 
remove  it.  It  has  truly  almost  as  little  weight  in  proportion  to 
the  sewage  itself  as  a  man  has  to  a  castle. 

In  working  with  the  apparatus  described,  a  constant  loss  of 
ammonia  was  observed,  and  sometimes  this  was  found  by  the 
smell  itself.  The  sewage  was  tossed  about;  the  volatile  part 
was  carried  up  by  the  currents  of  air,  and  it  had  no  opportunity 
of  retm-ning.  Here  it  was  thought  was  at  last  a  method  of 
obtaining  a  revenue  from  sewage  ammonia.  If  we  take  a  grain 
of  ammonia  only  out  of  a  gallon  of  sewage,  we  have  from  a 
million  gallons  a  million  grains,  equal  to  142-81  lbs.— let  us  say 
140  lbs. ;  let  us  for  a  large  city  like  Glasgow  multiply  this  by 
50,  and  we  have  7,000  lbs.  of  ammonia  daily  =  1,140  tons  per 
annum,  which  at  GOL  a  ton,  its  present  market  price,  is  G8;400i. 
per  annum. 

Can  we  obtain  a  grain  out  of  every  gallon  ?  In  the  laboratory 
with  a  small  a.pparatus  this  has  not  always  been  done  unless 


65 


lime  has  been  used  in  sewage  containing  six  grains  of  ammonia. 
In  an  experiment  made  in  Glasgow  with  one  hour's  aeration 
without  lime,  two  gi-ains  per  gallon  were  obtained  from  sewage 
containing  about  nine  grains  of  free  ammonia,  I  am  told.  This 
appeared  as  a  very  remarkable  and  cheering  fact,  opening  up 
a  new  field  of  action  for  sewage  operations. 

The  question  now  came  to  be,  How  is  this  to  be  proved  ?  We 
know  that  the  world  will  not  spend  its  money  unless  it  can 
receive  the  hope  of  a  good  reward. 

There  is,  however,  a  second  question  : — When  the  ammonia  is 
removed  from  the  liquid,  how  is  it  to  be  retained;  that  is, 
removed  from  the  air  which  carries  it  up,  and  held  in  a  concen- 
trated form  ?  The  present  ideas  on  that  point  have  not  been 
subjected  to  proof,  but  it  is  contemplated  using  either  an  acid  or 
a  solution  of  a  salt,  such  as  chloride  of  calcium  ;  from  which  the 
ammonia,  which  has  always  carbonic  acid  along  with  it,  would 
throw  down  carbonate  of  lime  in  fine  division,  and  leave  chloride 
of  ammonium  in  solution. 

It  was  found,  however,  that  the  idea  had  come  into  the  mind 
of  another,  ten  years  before,  and  had  been  thrown  away.  A  pro- 
visional specification  of  a  patent  had  been  made  out  in  1870: 
was  it  right  to  throw  it  aside,  and  must  I  do  the  same  ?  The 
first  projector  seems  to  have  acted  from  theory,  and  his  plan  was 
so  imperfect  that  success,  we  can  easily  see,  was  impossible. 
A  liquid  must  be  very  rich  in  ammonia  before  such  a  process 
would  allow  any  important  quantity  to  be  taken  from  it,  as 
there  is  simply  a  bubbling  of  air  through  the  liquid.  Another 
patent  was  taken  out  by  Messrs.  Hills  and  Biggs  in  1872,  one 
by  Messrs.  Welch  and  Scott  in  1876,  and  one  by  W.  L.  Wise  in 
1878.  I  have  tried  only  Dr.  Storer's,  and  it  is  not  for  me  here 
to  give  opinions  of  the  comparative  merits. 

Ammonia  removed  by  Exhaustion. 
In  aerating  water  by  the  method  just  spoken  of,  there  is'  a 
removal  of  the  gases  contained  in  the  water,  and  a  substitution  of 
air.  ^  This  displacement  is  not  eff"ected  without  using  a  large  amount 
of  air,  as  one  part  of  fresh  air  removes  a  small  part  only  of  the 
gases  contained  in  the  water.  We  cannot  expect  to  do  the  same 
work  with  a  small  amount  of  air,  unless  we  first  remove  the 
gases  contained  in  the  water.  This  may  be  done  to  a  large  ex- 
tent by  pumping  them  out ;  and  it  is  remarkable  how  much  is 
done,  at  least  on  a  small  scale,  in  a  minute  or  two  by  this  method. 
I  cannot  say  that  a  result  has  been  obtained  equal  to  that  by 
a  current  of  air;  and  we  must  remember  that  the  current  acts 
oxidizmgly  as  well  as  by  displacement;  but  a  great  deal  is 
ettected  by  the  exhaustion  methods.  The  gases  come  off  in  a 
condition  strongly  impregnated  with  organic  matter,  and  very 
disagreeable  to  the  senses.  They  may  in  this  case  be  sent 
through  a  disinfecting  process ;  say,  bypassing  a  fire,  if  neces- 
sary, and  if  tlie  ammonia  cannot  be  got  out.    It  was  expected 
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that  by  taking  them  out  in  a  concentrated  state  they  could  be 
passed  through  acid,  and  the  ammonia  removed  in  a  small  ab- 
sorbing space,  thereby  getting  over  the  difficulties  which  may 
be  expected  when  we  try  to  absorb  the  ammonia  from  a  large 
amount  of  air.  This,  however,  was  not  found  in  practice  to  take 
place  to  a  sufficient  extent ;  very  little  ammonia  was  removed 
by  pumping.  At  the  same  time  it  is  very  probable  that  the 
failure  was  not  inherent  to  the  process,  but  caused  by  the  limited 
and  imperfect  scale  of  laboratory  operations.  In  some  cases  it 
is  probable  that  ammonia  would  come  off  in  this  way  ;  that  is,, 
when  the  sewage  was  stronger  than  usual. 

If  this  method  of  pumping  out  the  gases  were  adopted  it 
would  only  be  as  a  preliminary  to  aeration,  which  might  be 
effected  either  by  allowing  the  air  to  enter,  or  by  assisting  it. 

How  far  this  plan  will  be  found  useful  in  extracting  ammonia 
from  various  decomposing  bodies,  other  than  sewage  and  solu- 
tions is  still  to  be  found  out,  but  it  certainly  seems  to  recommend 
itself  in  many  cases  where  putrefaction  causes  offence,  because 
the  putrid  gases  are  drawn  out  at  once  and  may  be  treated  by 
fire  or  otherwise  rapidly.    It  is  a  new  mode  of  disinfection. 

Some  enquiry  is  necessary  to  enable  us  to  find  if  the  plan  of 
previous  pumping  out  of  the  gases,  and  then  aerating,  is  to  he 
recommended  in  any  case  in  preference  to  the  mode  of  passing 
ah:  through  the  sewage  at  first.    My  behef  is  that  such  cases 
may  exist  when  ammonia  is  to  be  extracted,  but  they  are  more 
likely  to  be  found  where  purification  and  oxidation  are  required, 
without  looking  to  the  ammonia.    This  pumping  simply  draws 
out  the  gases  which  are  not  very  soluble  in  water,  and  makes 
room  for"  others  to  enter.    Those  which  enter  are  expected  to  be 
oxidizing  agents  ;  and  first  we  must  look  to  the  action  of  common 
air    The  sewage  could  be  rapidly  deprived  of  its  gases,  and  then 
simply  allowed  to  flow  away.   When  it  had  flowed  even  a  very 
short  time  the  air  would  enter,  and  during  this  period  more 
would  come  out.    Still  it  cannot  be  denied  that  if  the  sewage 
pmells  badly,  the  removal  of  all  the  air  that  can  be  pumped  out 
does  not  quite  remove  the  smeU.    It  does,  however,  dimmish  the 
quantity  of  gases  and  of  vapour  capable  of  causing  a  smeU. 
If  however,  the  oxygen  were  caused  to  enter  in  a  condition  more 
concentrated  than  it  is  in  the  atmosphere,  the  oxidation  would 
go  on  more  rapidly.    It  has  been  a  matter  of  thought  to  supply 
the  concentrated  oxygen  to  the  sewage    We  know  what  wonder- 
lul  effects  are  caused  by  permangates  and  by  peroxide  of  hydiogen 
and  I  have  shown  also  what  high  oxides,  such  as  nitrates,  effect. 
A  careful  study  is  not  requbred  to  show  that  pure  oxygen  gas, 
at  the  present  price  of  materials,  is  too  expensive  if  we  ai-e  to 
saturate  the  solution,  or  to  give  it  two  per  cent.  only.    At  the 
same  time  I  have  not  ascertained  how  much  would  ^ecessary. 
Unless  the  action  were  very  rapid,  the  amount  would  be  rapidly 
diminished  by  diffusion,  and  the  most  active  agents  for  supplymg 
solid  oxygen  are  too  expensive. 


67 


Viewing  the  matter  in  this  way,  I  have  called  to  mind  my  ex- 
periments made  long  ago  in  the  absorption  of  gases  by  charcoal. 
It  was  at  one  time  apparently  certain  to  me  that  oxygen  conld 
be  filtered  out  of  the  air  by  charcoal ;  and,  indeed,  I  have  found 
large  proportions  of  oxygen  taken  out  by  charcoal.  Indeed,  we 
may  say  that  the  amount  removed  from  the  air  is,  as  a  rule,  30 
to  40  per  cent.  I  have  not,  however,  been  always  successful 
in  obtaining  it  back  by  pumping  it  out  of  the  charcoal ;  occa- 
sionally it  has  come  out  very  well,  but  it  has  sadly  disappointed 
me.  The  plans,  however,  are  not  all  exhausted.  The  amount 
of  ga,s  regained  from  the  charcoal  usually  has  less  oxygen  than 
the  air. 

Finding  that  charcoal  was  not  manageable  I  have  had  recourse 
to  water.  Pure  water  absorbs  air,  not  exactly  as  such,  but  in 
the  proportion  of  one-third  and  a  little  over  of  oxygen,  the 
rest  being  nitrogen— leaving  out  traces.  In  other  words,  we 
can  pump  out  of  water  a  mixture  containing  about  13  per  cent, 
more  oxygen  than  common  air  contains.  Such  a  great  increase 
of  per-centage  of  oxygen  has  a  remarkable  influence  in  most 
cases,  and  I  suppose  will  have  in  oxidizing  the  substances  in 
sewage.  There  is  a  disadvantage,  namely,  in  the  small  total 
volume  of  ^  air  that  can  be  obtained  from  water.  In  some  cases 
this  is  of  little  consequence,  because  the  water  is  abundant,  and 
one  would  suppose  a  stream  to  be  an  endless  source.  In  other 
places,  it  may  be  said,  where  should  we  obtain  water  ?  Water 
may  be  used  as  a  filter ;  when  it  has  been  exhausted  of  air  it 
begins  again  to  drink  it  in  ;  and  the  same  may  be  repeated  for 
ever.  The  question,  however,  remains,  How  rapidly  can  this  be 
done  ?  For  example,  what  surface  and  depth  of  water  are  ne- 
cessary to  supply  continuously  a  cubic  foot  of  air  having  13  per 
cent,  of  oxygen  added  to  its  present  amount. 

If  this  mode  of  obtaining  oxygen  were  manageable,  the  water 
would  not  require  to  be  pumped  high  ;  but  it  could  be  put  into 
a  closed  vessel,  first  pumped  for  a  short  time  and  then  allowed 
to  pass  off  for  more  air.  This  water  would  require  to  be  kept 
pure. 

These  are  ideas  regarding  the  supply  of  oxygen : — Methods  of 
hastening  the  action  of  the  air.  Another  method  consists  of 
using  pressure  to  save  time.  The  water,  after  being  exposed 
to  a  vacuum,  might  be  exposed  to  pressure  with  common  air,  or 
with  the  richer  air  from  water,  and  pressure  might  be  applied 
so  as  to  finish  the  process  very  rapidly. 

These  methods  of  increasing  the  purifying  action  going  on 
in  water,  are  based  on  the  first  facts;  namely,  that  a  large 
and  important  effect  is  produced  in  one  hour  by  passing  air 
alone ;  next,  that  a  more  rapid  effect  is  produced  by  pumping 
out  the  gases  before  passing  air.  The  next  effects,  namely,  of 
stronger  mixtures  of  oxygen,  may  be  considered  certain,  although 
not  tried.  The  mode  of  obtaining  oxygen  is  certain  also,  as  shown 
by  Mallet.    The  analysis  of  the  air  at  successive  stages  is  very 
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interesting  (see  2nd  Supplement,  Watts's  Diet.,  "  Oxygen  ),  but 
the  practicability  of  the  process  on  a  large  scale  has  not  been 
put  to  the  test  to  my  knowledge.         ,  .  ^    ^,     ,      ...  . 

I  send  out  these  wribings,  bemg  chiefly  the  descnption  ot 
work  done,  but  partly  of  course  looking  forward  to  work  that 
may  be  better  done  after  the  information  here  has  been  con- 
sidered. 

No.  X. 

Aeeation  of  Water  Supplies.— Drikking  Water. 
This  is^  not  quite  a  new  subject  to  speak  of,  but  it  has  not 
been  well  worked  out.    These  latest  ideas  as  to  the  value  of  air 
compel  us  to  tm-n  to  it  again.    We  have  now  many  towns  sup- 
plied with  surface  water  without  filtration.    The  result  of  this 
Ust  be  that  there  is  some  deposit  in  the  reservou-s  if  the  solid 
matter  is  not  carried  away.    Perhaps  I  ought  first  to  have  said 
that  there  is  solid  matter  in  all  cases  nearly,  although  there  may 
not  be  much.    Indeed  it  is  not  easy  for  us  to  suppose  that  the 
washings  of  fields  can  be  free  from  floating  bodies,    ^^n  the 
water  sinks  deep  into  the  ground  we  have  magmficent  filtration 
and  clear  brooks.    The  experience  described  by  Dr.  Greenwood 
must  not  be  forgotten,  and  we  do  not  know  the  limits  of  the 
impurities  from  mamired  land.    As  a  rule,  however,  it  seems  to 
be  true  that  the  organisms  washed  from  fields,  and  coming  into 
our  streams,  rivers,  and  reservoirs,  are  not  hurtful.  A^d  why  not  1 
When  we  have  the  great  dilution  and  the  great  aeration  together 
we  may  draw  the  conclusion  that  the  researdies  of  Pasteur  em- 
power us,  even  when  no  opportunity  is  given  for  that  desh-uctmn 
by  putrefaction  which  has  received  favour  m  this  Report.  Still 
wVhave  this  fact  before  us,  that  in  g^l^f  ^  fl;°^%^^^^yf,  ^^^^^^^^ 
time  for  change,  and  the  increase  of  material  washed  off  the  soil 
k^qua  to  a  diminished  opportunity  of  oxidation     In  such  cases 
it  does  seem  right  that  water  should  have  some  time  to  undergo 
i  s  changes  o/that  it  should  be  filtered,  or  both.    The  reason  for 
ffltration  is  twofold:  we  remove  solids  by  it;  and  -  removing 
visible  although  minute  floating  matter,  we  remove  also  much 
which  is  insensibly  small.  But  this  is  not  all :  the  act  of  filtmti^n 
in  a  ^ood  filter  is  really  an  act  of  oxidation,-in  sand,  for  example^ 
and  "other  porous  bodies.    Of  this  I  have  spoken  elsewhere. 
When  this  is  not  sufficiently  done,  would  it  not  be^  well  to  use 
inechanical  aeration  for  drinking  water  ?   It  is  certam  tha  many 
oTour  water  supplies  do  not  contain  as  much  oxygen  as  the  be  t 
water.    Manchester,  for  example,  has  a  fair  supply  of  ^^ater,  l3ut 
it  varies  considerably,  and  the  oxygen  passes  down  to  27  m 
the  100  of  air  dissol/ed  in  it.    How  for  this  could  be  i-emed  ed 
bv  the  use  of  more  oxygen,  it  is  not  possible  to  say  Avithout  trial, 
aK  is  a  trial  which  ought  to  be  made..  This  is  rather  an 
addition  to  the  duties  of  waterwork.s  pipprietors,  but  it  is  one 
which  comes  with  the  changes  of  our  habits.  .Our  i^servoir^^^^^^ 
filled  by  streams  in  flood,  and  we  do  not  wait  until  these  rough 
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waters  pass  away  leaving  the  calmer  streams  to-  be  taken^  such 
as  are  filled  by  the  water  filtering  through  the  soil,  and  thereby 
purified,  as  the}-  often  are,  to  biilliancy. 

In  speaking  of  this  it  is  natural  to  consider  the  use  of  lime 
now  proposed  in  so  many  cases  of  purification.  In  Clark's  pro- 
cess, for  example,  lime  is  used,  and  carbonic  acid  is  removed.  It 
has  been  asked  if  it  would  not  be  an  impiwement  to  add  car- 
bonic acid,  I  believe  it  would,  and  probably  air  also.  In  the 
first  proposals  for  purifying  water  by  Thomas  Henry,  F.E.S., 
Manchester,  about  a  century  ago,  lime  was  used,  and  after  pre- 
cipitation carbonic  acid  was  employed  to  neutralize  any  excess. 
Any  excess  of  carbonic  acid  over  the  lime  would  be  an  improve- 
ment. Free  lime  in  water  is  a  great  disadvantage.  Indeed  we 
must  look  carefully  to  our  streams  whenever  lime  is  used  for 
precipitation.  It  is  a  favourite  poison  for  fish,  and  I  have  seen 
a  clear  solution  from  a  precipitating  tank  become  suddenly 
whitish  on  entering  a  river  of  clear  water.  The  process  was 
intended  for  purifying  the  river,  but  it  was  in  reality  adding  a 
new  poison.  It  was  in  small  amount,  certainly ;  but  who  knows 
the  amount  used  at  times  ?  There  must  be  a  careful  measure  of 
lime  used  in  aU  cases  where  a  river  may  be  affected. 

This  use  of  carbonic  acid  might  take  place  along  with  air,  and 
if  the  water  were  to  be  used  rapidly,  it  would  add  sapidity,  which 
is  not  obtained  at  once  hy  natui-al  aeration,  and  is  best  obtained 
by  deep  filtration  or  by  carbonic  acid. 

We  may  now  consider  generally  the  efiect  to  which  the  newest 
information  regarding  germs  of  minute  life  seems  to  point. 
Water,  when  standing  long  with  germs  of  life,  has,  or  may  have, 
according  to  the  weather,  increase  of  growth.  Abundance  of  air 
vdll  be  preventive  of  or  destructive  to  many  of  the  lower  forms, 
certainly  those  that  cause  putrefaction.  Stagnation  allows  the 
oxygen  to  be  consumed.  Filtration  and  aeration  ought  to  take 
place  just  before  the  water  is  to  be  used,  according  to  these  views. 

J^ote  on  Depositing  or  Filtering. 

The  use  of  filtration  is  great,  and  nature  provides  us  by  its 
means  the  best  of  water,  which  comes  through  soils  holdino- 
many  unlovely  things,  and  still  without  carrying  them  forward! 
It  is  an  important  matter  to  imitate  this,  and  we  try  with  some 
success,  but  we  cannot  imitate  the  self-purification  in  nature  as 
fuUy  as  we  wish  ;  we  cannot  remove  the  carbon  so  rapidly  and 
make  it  from  a  constituent  of  a  filthy  compound  to  one  of  a 
pure  gas.  The  consequence  is  that  our  filters  become  covered  with 
inuch  impurity,  and  through  this  all  our  water  supplies  go,  that 
is,  there  is  an  accumulation  which  is  not  an  imitation  of  nature 
as  we  find  it  on  the  soil,  but  a  simple  product  of  art.  I  do  not 
ignore  the  fact  that  various  modes  have  been  devised  of  removing 
this,  and  I  have  much  good  feeling  towards  the  oxidizing  filters 
used,  especially  those  with  compounds  of  iron  or  iron  itself,  and 
I  will  not  say  that  in  some  cases  they  arc  not  by  far  tlie  best  to 
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be  chosen ;  but  it  lias  seemed  to  me  that  it  would  be  a  fine  thing 
if  we  could  avoid  completely  the  passage  of  water  through  an 
impure  deposit,  and  if  we  could  remove  that  as  rapidly  as  it  is 
formed. 

Note  on  Mechanical  Filters. 

There  are  several  such  filters,  and  a  remarkable  one  is  devised 
by  Mr.  Bowing,  in  which  the  liquid  to  be  filtered  is  pressed 
against  canvas  or  cloth,  which  lies  on  a  perfectly  plain  surface 
of  metal.  The  water  works  its  way  between  the  metal  and 
the  cloth.  The  fact  is  curious,  and  the  result  is  remarkable. 
How  far  this  would  do  for  finer  water  I  do  not  know ;  it  Avould 
probably  be  insufficient ;  but  when  applied  to  less  pure  liquids 
the  result  has  been  shown  to  be  excellent.  The  advantage  of 
the  mechanical  filter  is  that  the  deposit  is  removed  rapidly,  and 
is  not  allowed  to  remain  and  putrefy  ;  and  if  it  could  be  so  applied 
for  drinking  water  as  to  produce  an  unobjectionable  result,  we 
should  rejoice. 

I  doubt  if  Mr.  Bowing's  filter,  as  made  by  Manlove  and  AUiott 
of  Nottingham,  has  been  tried  otherwise  than  for  sewage  ;  but 
even  then  it  seems  as  if  it  were  too  much  to  expect  a  good  result 
on  account  of  the  enormous  bulk  of  sewage  to  be  passed.  If, 
however,  a  deposit  were  allowed  first,  and  mechanical  filtration 
applied  to  it  afterwards,  we  might  obtain  something  of  more 
value.  I  have  nothing  to  say  of  new  modes  of  filtration, 
but  am  looking  to  experiments  on  a  large  scale.  I  have  not 
given  sufficient  attention  to  the  spongy  iron  filter  of  Mr.  Bischof  s, 
but  having  got  remarkable  results  from  iron  filings  in  1848,  I  am 
much  in  favour  of  iron,  and  must  give  it  more  attention. 

Precipitation  in  Drinking  Water. 

The  very  great  attention  given  to  precipitation  of  sewage  has 
led  us  from  its  application  to  drinking  Avater,  and  it  is 
remarkable  that  we  have  so  much  neglected  the  possibility 
-of  improvement  in  this  dii'ection.  We  know  the  old  methods 
of  adding  alum  to  muddy  water  and  finding  it  rapidly 
cleared, — a  method  used  in  India  and  China,  and  probably 
elsewhere.  We  send  many  tons  of  alum  to  Asia  for  this 
purpose,  as  it  is  supposed.  But  then  these  Easterns  are  so  care- 
less that  the  water  which  they  call  not  good  for  drinking  is  to 
us  horrible,  and  that  which  they  consider  just  drinkable  is  bad 
to  our  sight  and  smell.  The  wonderful  clearness  obtained  by 
throwing  down  fiocculent  pi-ecipitates  has  been  often  remai'ked. 
It  has  occurred,  however,  to  Mr.  Peter  Spence,  of  Manchester,  to 
use  an  aluminous  salt  not  merely  for  sewage  and  very  impure 
waters,  but  also  for  town  supplies,  and  the  results  obtained  in 
Manchester  water  are  remarkable.  The  substance  he  uses  is 
called  by  him  alumino-fen'ic  cake,  but  the  name  can  be  readily 
altered.    The  salt  is  a  sulphate  of  alumina,  with  only  0-7  per 
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cent,  of  oxide  of  ii-on  in  it.  It  is  made  from  bauxite,  a  mineral 
containing  chiefly  soluble  alumina. 

The  Manchester  water  is  considered  a  very  fair  one ;  it  is  a 
little  yeUow,  being  coloured  by  peaty  matter.  But  when  this 
sulphate  of  alumina  is  added,  and  it  is  allowed  to  settle  for  two 
days,  it  obtains  a  brilliancy  equal  to  all  we  can  desire.  I  made 
some  experiments,  and  obtained  the  following  results.  The 
estimation  of  the  purity  of  tint  made  by  my  new  method  is  as 
follows.    (See  for  explanation,  No.  XI.,  p,  .) 

The  highest  numbers  show  the  greatest  transparency ;  but  it 
must  be  remembered  that  it  is  only  proportionate,  that  is,  the 
same  water  does  not  give  the  same  numbers  on  every  trial, 
because  the  amount  of  light  differs. 

People  may  be  afraid  that  alum  will  remain  in  solution,  but 
there  is  rarely  a  water  to  be  found  so  free  of  lime  as  not  to 
decompose  the  small  amount  of  sulphate  of  alumina  used  in  these 
experiments.  This  point  must  of  course  be  remembered,  and  the 
water  kept  alkaline. 
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Could  this  result  be  obtained  in  gxeat  reservoirs  ?  I  can  only- 
say  that  it  is  so  remarkable  that  it  ought  to  be  tried.  It  is 
certainly  far  beyond  any  method  of  filtering  used  at  any  water- 
works seen  by  me  ;  it  can  only  be  compared  to  deep  soil  filtration. 
I  must  mention  that  I  have  not  seen  either  the  recent  iron  filters 
or  the  carbide  of  iron  ones  at  use  on  a  large  scale,  and  cannot 
allude  to  them. 

The  alumina  which  falls  takes  down  organic  colouring  matter; 
but  the  alumina  may  be  dissolved  out  of  the  precipitate.  How 
far  it  can  be  dissolved  again  is  a  point  into  which  I  have  not 
entered.  Mr.  Spence  says  that  for  sewage  this  may  be  done  re- 
peatedly ;  in  treating  drinking  water  it  may  not  act  so  well  a 
second  time,  but  the  expense  is  certainly  small.  The  amount  I 
used  for  Manchester  water  was  •  7  grains  per  gallon,  or  about  a 
ton  for  20,000,000  gallons,  which  ton  would  cost  50s.  ' 

The  results  of  analysis  are  as  follows,  but  it  is  enough  to  judge 
by  the  efiect  in  brilliancy  already  mentioned  : — 


Effect  of  Precipitants  on  Manchester  Water. 
Analyses  in  Parts  per  100,000. 


Total  Solid 
Matter. 

Free 
Ammonia. 

. 

o.S 

B  a 

Ol  O 

a  a 
^3 

Alkalinity 
as  SO3. 

Manchester  -water   -         -         -  » 

6-75 

0-0022 

0^0076 

1-37 

Do.          -with  1  part  alumino-ferric 
cake  per  100,000. 

7-00 

0-0028 

0-0056 

1-03 

Do.          -with  1  part  ferric  chloride 

7-16 

0-003 

0-0060 

1-00 

If  this  turns  out  as  well  as  it  promises  it  will  be  necessary  to 
give  up  the  method  of  using  surface  or  flood  water.  Hitherto 
it  has  been  allowed  to  settle  only,  but  we  can  neither  remove 
the  colour  nor  the  germs  of  life  by  any  such  process,  and  by 
precipitation  we  remove  at  least  the  visible  part  of  the  organic 
matter,  and  some  of  the  very  material  on  which  organisms  live 
That  none  should  be  left,  considering  the  very  vital  conditions 
of  the  world,  it  is  not  for  us  to  expect  even  if  it  is  to  be  hoped 
for. 

Examination  of  this  process  continues.  I  look  on  it  as  chiefly 
valuable  for  throwing  down  fine  floating  matter,  taking,  how- 
ever, some  organic  matter  out  of  solution. 
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No.  XI. 

Mode  of  Estimating  the  Transparency  of  Water. 

In  the  IGtli  Keport  under  the  Alkali  Act,  also  in  the  pro^ 
ceedings  of  the  Royal  Society,  Vol.  XXX.,  I  gave  an  account  of  a 
mode  of  measuring  the  amount  of  light  over  any  given  period 
of  time.  Finding  that  the  idea  had  previously  occurred  to 
Dr.  Leeds  of  the  United  States,  I  gave  him  of  course  the  credit. 
However  my  intention  was  to  pursue  it  for  the  purposes  of  my 
office,  and  to  endeavour  to  measure  the  influence  which  fogs 
natural  and  artificial  or  smoke  have  on  the  amount  of  light 
transmitted  through  the  atmosphere  immediately  above  us.  I  also 
said  that  I  intended  to  apply  the  knowledge  to  an  estimation  of 
the  transparency  of  water.  I  have  in  my  16  th  Report  under  the 
Alkali  Acts  given  a  table  of  the  total  comparative  light  during 
six  hours  of  the  day  for  above  a  year,  and  in  this  report  imder 
the  Rivers  Pollution  Prevention  Act  I  now  describe  the  same 
method  as  applied  to  water. 

A  few  of  the  results  are  given,  and  I  may  say  that  they  are 
most  satisfactory.  The  order  of  the  figures  is  certainly  the 
same  as  I  made  out  for  myself  by  using  the  tube  when  the 
waters  were  brought  to  me  without  description ;  but  I  had  a 
difficulty  in  judging.  Time  was  required,  a  certain  amount  of 
anxious  consideration  was  needful,  and  in  one  case  I  gave  a 
decision,  which,  on  reconsideration,  I  reversed.  I  may  add  that 
I  am  not  behind  in  this  mode  of  judging  ;  two  pairs  of  young 
eyes  belonging  to  chemists  were  less  correct  and  constant  in 
their  judgment,  at  least  on  this  occasion.  I  say  this  to  show  the 
accuracy  of  the  experiment,  and  to  prove  that  we  save  time  by 
it  and  uncertainty.  However,  this  is  not  all.  We  obtain  exact 
numbers,  such  as  the  eye  cannot  pretend  to  detei-mine. 

I  always  use  of  course  as  a  standard  distilled  water,  and  it  is 
necessary  to  have  it  in  the  experiment,  as  the  numbers  are  not 
definite  in  a  continuous  sense  on  account  of  the  constant  change 
of  light.  They  are  comparable  with  pure  water ;  but  the  same 
numbers  do  not  occur  on  every  experiment,  as  the  light  differs. 
The  exact  law  of  change  requires  study,  but  the  order  is  certain. 

Every  new  idea  has  its  own  mode  of  development,  and  I 
cannot  tell  how  this  may  grow,  considering  all  the  various 
changes  of  colour  in  impure  streams  in  this  country ;  but  for 
natural  streams  there  is  less  difference  of  shade.  ^  I  have  here 
used  it  to  define  the  brightening  eff'ect  of  precipitation  as  an 
example  unless  otherwise  mentioned. 
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PART  II. 

EFFLUENTS  FROM  PRINTWORKS,  DYEWORKS,  &c. 
Precipitation. — Oeiural  Rules. 

If  the  effluents  from  dyeworks  or  printworks  are  alkaline 
containing  organic  substances  coloured  or  otherwise,  an  acid 
generally  throws  down  a  decided  amount  of  solid  matter.  If  the 
effluent  contains  soap,  the  fatty  matters  are  separated,  and  faU  or 
rise  to  the  surface.  These  fatty  matters  may  contain  a  large 
amount  of  colouring  matter  which  may  or  may  not  be  of  value 

If  acid  is  expensive  at  the  place  of  precipitation  a  similar 
result  can  be  obtained  by  chloride  of  calcium  or  any  cheap 
metalHc  or  earthy  salt.  Chloride  of  calcium  is  the  simplest  and 
has  a  great  influence.  Its  effect  is  not  limited  to  the  soap  but 
IS  observed  m  the  effluents  from  paper  works,  and  other  cases 
where  the  liquids  are  alkaline. 

Salts  of  calcium  are,  therefore,  very  valuable ;  and  as  they  are 
found  at  bleachworks,  printworks,  and  paperworks,  and  wher- 
ever bleaching  is  done,  they  have  a  great  influence  ,on  the  dis- 
charges. This  influence  is  not  always  seen  at  once  ;  it  requires 
some  time,  and  it  would  appear  as  if  settling  tanks  were  abso- 
lutely necessary.  It  would  be  very  good  if  we  could  hasten 
this  precipitation.  To  some  extent  this  is  done  by  addino- 
metaUic  or  aluminous  salts,  but  it  is  done  also  by  stirring  or 
shaking,  as  we  often  find  in  a  laboratoiy,  and  previous  to  allow- 
ing the  solution  to  rest.  Thinking  of  this,  one  would  have 
supposed  that  very  violent  action  would  have  assisted  still  more 
the  fall ;  but  this  was  not  the  case ;  we  found  that  by  agitatino- 
the  effluents  after  mixture  with  the  precipitant,  these  could  be 
reduced  to  a  state  of  division  so  fine  as  to  delay  their  faU. 

The  advantages  of  chloride  of  calcium  are  that  it  is  frequently 
a  waste  product,  and  a  great  deal  could  be  obtained  if  it  were 
wanted. 

_  Lime  will  certainly  throw  down  the  fatty  matter  of  soap,  and 
it  will  also  take  a  great  deal  of  solid  matter  out  of  the  effluents 
of  paper  and  other  works,  but  it  will  not  neutralize  in  such 
cases;  on  the  contrary,  it  causticises  these  liquids.  Chloride  of 
calcium  also  can  be  thrown  in  considerable  quantities  into  a  river 
without  injury,  whereas  this  is  not  the  case  with  lime. 

The  first  thing  to  be  done  with  the  effluents  from  works 
generally  is  to  allow  them  all  to  mix  together,  when  large  pre- 
cipitates occur,  and  frequently  complete  neutralization,  arising 
from  this,  namely,  that  the  processes  have  required  equivalent 
amounts  of  acid  and  alkali,  although  they  escape  separately. 
Cases  exist,  however,  in  which  such  a  mixture  would  be  of  no 
advantage  ;  and  in  other  cases,  .as  in  alkali  works,  the  mixture 
of  the  acid  and  sulphide  liquors  produces  intolerable  results. 
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The  works,  however,  speciallj'-  under  consideration  give  out 
liquids  which  by  this  treatment  cause  considerable  and  sometimes 
hirge  precipitates.  The  addition  of  chloride  of  calcium  causes  a 
second  precipitate  frequently,  and  it  may  be  that  this  will  be  in 
some  cases  a  sufficient  treatment. 

When  better  results  are  required,  it  is  apparently  essential  to 
use  salts  of  iron  or  aluminum  ;  and  few  waters  from  these  works 
under  consideration  will  not  become  clear  after  this  treatment ; 
most,  if  not  all,  can  be  made  also  nearly  colourless. 

It  would  be  quite  wearisome  to  detail  all  the  experiments 
made  to  come  to  these  conclusions,  but  various  results  will  be 
here  given,  and  they  may  be  compared  also  with  those  from 
sewage  treatment. 


Effluents  from  Paper  Works. — May  1878. 

Discharge  Water  from  Settling  Ponds,  Carron  Grove  Works. — 

19th  April  1878. 

(1.)  After  filtration, — 

10  lbs.  Alum    -1  The  filtrate  was  slightly  acid; 

2  •  5  lbs.  Lime  /  P^^^  ^ '""'^  S^^^^'  colour  =  0  •  1  c.  c.  NH.Cl  with 

Volatile  =  4-9  gr.  per  gall.  Nessler.  No  permanent  froth 
Mineral  =  G5  •  94       „  on  shaking. 

Total  =70-84 

(2.)  Aiter  filtration,— 

8  lbs.  Alum    "1       1  onn  ,rnli«  The  filtrate  was  faintly  alkaline ; 

2-5  lbs.  Lime  ^'""^  gaUs.  ^^^^^^  =  0-4c.  c.  NH.Cl  with 

Volatile  =  .5  •  67  gr.  per  gall.  Nessler.  No  permanent  froth 
Mineral  =  57-33       „  on  shaking. 

Total      =  63-00  „ 

(3.)  After  filtration, — 

4  lbs.  Alum    \  The  filtrate  decidedly  coloured. 

2  •  5  lbs.  Lime  /  P'"^  ^alis.  Permanent  froth  on  shaking. 


Sample  received  29  th  April  1878. 

(4.)  After  filtration, — 

10  lbs.  Alum  1  000  e-alla  Similar  to  No.l. 

2-5  lbs.  Lime  J  P^"^  S^^^^' 

Volatile  =  0-28  gr.  per  gall. 
Mineral  =76-16  „ 
Total     =  76-44  „ 

(5.)  After  filtration, — 

8  lbs.  Alum    \„p.  1  000  o-alk  Similar  to  No.  2  as  to  froth. 

2  -  5  lbs.  Lime  /  P""^  ^  '^^0  galls.  ^.^^^^^^  ^^.^^^^^^  coloured. 

Volatile  =  11-48  gr.  per  gall. 
Mineral  =  77-55  „ 
Total     =  89-04  „ 

<6.)  After  filtration,— 

6  lbs.  Alum    Iner  1  000  ffalls  Filtrate     decidedly  coloured. 

2-5  lbs.  Lime  /P®"^  Froth  lingered  slightly. 

Q7516.  F 
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Sample  received  19th  April  1878. 


(7.)  After  filtration,— 

2-5  lbs.  Fej  (804)3,  1     The  lime  was  added  immediately  after  the  iron 
K  q^a^ltr  -  J  ^^^-'^  ^I'g^^y 


(8.)  After  filtration,— 
1'25  lbs.  FcgCS 

Lime  quant,  suff.    f       sol.   Filtrate  was  colourless 


1*25  lbs.  Fcg  (804)3  \    The  lime  was  added  five  minutes  after  the  iron 


(9.)  After  filtration, — 

0*7  lb.  Feg  (804)3  1     The  ppt.  settled  readily.   Filtrate  clear;  did  not 
excess  powdered    I-  froth, 
chalk.  J 


Clarification  of  Logwood  "Waste  Liquors. — March  1879. 
Exit  Liquor  from  Works. 

(1 .)   100  lbs.  Alum  Cake  1       j  , j  Colour  almost  gone. 

7  •  5  lbs.  Lime      J  ^      '  ° 

(20    20  lbs.  Alum  Cake )       j  97  «/»  colour  removed. 

1  •  5  lb.  Lmie       J  ^      '  ° 

(3.)     10  lbs.  Alum  Cake  -I       ^  95      colour  removed. 

0'76lb.  Lmie      }^      '  ^ 

(4.)      6  lbs.  Alum  Cake  -1       .^^q  90  "/o  colour  removed. 

0-76  lb.  Lime      }^     '  ° 

(5.)      4'  74  lbs.  Ferric  Chloride \      ^  99  •  8  »/o  colour  removed. 

6 -00  lbs.  Lime  j"P      >      e  • 

(6.)      2  •  16  lbs.  Ferric  Chloride  "1       ^  98  »/o  colour  removed. 

4'56  lbs.  Lime  >      5  • 

(7.)      0  •  66  lb.  Ferric  Chloride  "1       ^  70  %  colour  removed. 

2-28  lbs.  Lime  >      8  • 

Note. — There  was  a  little  free  IICl  along  with  the  FejClj,  ferric  chloride  or 
perchloride  of  iron. 

(8.)     18*5  lbs.  hydrated  alumina  per  1,000  galls.  60  "/o  colour  removed. 


(9.)      4'12  lbs.  FcjClel  Colour  destroyed.     The  ppt. 

12  •  5  lbs.  HCf     >  per  1,000  galls.  settles  rapidly  and  perfectly. 
5-0  lbs.  Lime  J 

(10.)     2  •  1  lbs.  FcoCIg  1  Colour  destroyed.    The  ppt. 


2  •  1  lbs.  FcoCIg  1  Colour  destroyed.    The  ppt. 

6-25  lbs.  HCl    yper  1,000  galls.  settles  rapidly  and  perfectly. 

2  •  5  lbs.  Lime  J 

(11.)     1*25  lbs.  FcoClo  1  Filtrate  faintly  coloured.  Ppt. 

2  lbs.  Lime'      l-per  1,000  galls.  settled  fairly,  but  left  a  tur- 

3 '75  HCl         J  biditj'  iu  the  liquid,  which, 

however,  was  readily  re- 
moved by  filtration. 

(12.)     0-85  lbs.  FeoClftl     The  ppt.  behaved  as  in  No.  11,  but  the  filtrate  was 
2-5lbs.  HCf      V       distinctly  coloured. 
1  •  5  lbs.  Lime  J 

(13.)  200  lbs.  CaCl;,  chloride  of  calcium,  per  1,000  galls,  removed  60  »/o  of  the 
colour. 
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Clarification  of  Liquors  from  Woollen  Mill, 

Contents  of  last  Tank  before  entering  "  Lade,"  Copperas,  or 
protosulpliate  of  iron,  or  ferrous  sulphate. 


(a.)    8  lbs.  Ferrous  Sulphate  1       .  „ 
0-5  lbs.  Lime  j per  1,000  galls. 

(6.)    8  lbs.  Ferrous  Sulphate  per  1,000  galls. 

(c.)  12  lbs.  Ferrous  Sulphate  "l       -  „ 
0-5  lb.  Lime  |  perl, 000  galls. 

(f/.)  12  lbs.  Ferrous  Sulphate  per  1,000  galls. 

(e.)    2-6]bs.  FUClfi  1       ,  „„„  „ 
(?)    Lime"      jpe-^  1,000  galls. 


66  o/o  colour  removed. 

39  "3  °/o  colour  removed. 
84-5  "/o  colour  removed. 

78  •  7  %  colour  removed. 
89  "4  o/o  colour  removed. 


(/.)    8  lbs.  Alum     "inp.  1000  (rail,  71  %  colour  removed. 

0-5  lb.  Lime    JPer  1,000  galJs.  ' 


(i?.)    8  lbs.  Alum  per  1,000  galls. 

(/i.)    6-5  lbs.  FcoCLl       ,  „„„  „ 
.5-6  lbs.  Lime  }P^'^l'0°Og*"«- 

(t.)    No.  (A)  with  8  lbs.  Copperas  per  1,000  galls.    98-9  %  colour  removed. 


72  •  .5  °/o  colour  removed. 
95  •  6  o/o  colour  removed. 


The  feiTous  salt  was  added  to  destroy  the  chromate  which  was  left 
by  the  ferric  salt. 


a.)    3-7  1bs.Fe2Cl5  ] 

8  ■  0  lbs.  Copperas  y  per  1 ,000  galls. 
2-75  lbs.  Lime  J 

{A.-)    3-7  1bs.  Fe^CIg 
20  lbs.  Copperas 
2-75  lbs.  Lime 


I  per  1,1 


000  galls. 


96-5  «/o  colour  removed. 
97  °jo  colour  removed. 
96  •  5  °/o  colour  removed. 


(/.)     7-4ibs.  FcoClg  1 

4-0  lbs.  Copperas  I  per  1,000  galls. 
5  •  5  lbs.  Lime  J 

(ffi.)    3-7  1bs.  FeoClfj    UeriooOffalk      92  %  colour  removed. 
2-75  lbs.  Lime    j^^^  ^aUs. 

(«.)   No.  (m)  with  8  lbs.  FeS04  •  7  HgO  per  1,000  galls.    No  further  change. 
Comp.  (A)  and  (z). 

(0.)    No.  (h)  with  1-4  lbs.  Lime  per  1,000  galls.    98-2  "/o  original  colour 
removed. 


The  liquid  flowing  from  the  ppt.  obtained  in  expt.  (j)  gave  ■ 

Volatile  matter         ...     8  •  4  grs.  per  gall. 
Mineral     „  .  -  _    24-5  „ 

Total      -     -         -         -         -  32-9 


Before  clarification  the  liquid  contained- 


Volatile  matter 
Mineral  „ 
Total      -  . 


5  lbs.  CaCU 
1-5  lbs.  Fe"„CIo 
11-0  lbs.  SO3 


I  per  1,000  galls. 
I  (neutral  iron  sol.) 


5  lbs.  CaClg       \  per  1,000  galls. 
1-5  lbs.  FcjClo  J  (neutral  iron  sol.) 


81-9  grs.  per  gall. 

-  119-0 

-  200-9  „ 

Filters  slowly.    Filtrate  coloured 
blue. 


Similar  to  (p.) 


F  2 
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(r.)    5  lbs.  CaClj 


f  1  •  5  lbs.  Fe^Clg  -with 
\3-0 


} 


per  1,000  galls. 


Filters  clear, 
yellow. 


Filtrate  slightly 


is.) 


(«.) 


Filtrate  blue  and  turbid. 


Filtrate  coloured ;  not  very  clear. 


,  .Ibs.HCl  . 
(Acid  solution  of  iron.) 

f.^thf'Sri   1  Perl,000  galls. 
1  5  lbs.  1  e^Uo  y  (-neutral  iron  sol.) 

2-  0  lbs.  HCl     J  ^ 

Slbs.  CaCU      I   per  1,000  galls. 

1  •  5  bs.  Fe^Uo   ^  (neutral  iron  sol.) 

3-  0  lbs.  HCl     J  ^ 

5  lbs.  CaCio 
3  lbs.  HCl 

To  the  filtrate  from  the  foregoing— 

2  lbs.  Fe^Clo  (neutral)  per  1,000  galls.  1  The  filtrate  from  the  iron  was 
?       Lime  (till  faintly  alkaline).        J  good. 


j-per  1,000  galls. 


5  lbs.  CaCL, 

4  lbs.  SO3,  sulphu-  I  J  i]s_ 
nc  acid  calculated  | 

as  anhydride.  ^ 

5  lbs.  CaClo      'X       1  000  galls. 
20  lbs.  SO3         J  ° 


Filtrate  slightly  alkaline. 


FUtrate  slightly  turbid. 


Mixture  of  poUuted  liquids  from  Woollen  Mills. 

20  lbs.  sulph.  acid  -i  I'iltrate  colourless. 

4-  12  lbs.  FcsClo  }■  per  1,000  gaUs. 
12  lbs.  CaO  J 

20  lbs.  snlph.  acid  I  titrate  colourless. 

0-82lb.  FesClo    [  per  1,000  galls. 

5-  0  lbs.  CaO  J 

iv>e  n  V        1  „  Filtrate  slightly  coloured. 

0-S£fT:C1,   I  per  1.000  galls, 

4-0  lbs.  CaO  J 

5  lbs.  CaCL       1  Colourless. 
8i  lbs.  FesClg      V  per  1,000  galls. 


CaO 

2-5lbs.  CaCl2    1  ►  Colourless. 

2-1  Ibs.FcaClg   V  per  1,000  galls. 

.G-6lbs.  HCl  J 
?  CaO 
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Miscellaneous  Trials  on  Coloured  Waiers. 

Spent  Tan  Liquids. — The  acid  liquid  from  a  spent  bark  vat 
treated  in  Storer  and  Cranston's  apparatus.  Four  hours'  aeration 
did  not  alter  its  appearance,  or  render  it  more  amenable  to 
filtration. 

By  precipitation  with  a  per-salt  of  iron  and  lime,  a  much 
better  result  was  obtained  in  the  liquid  before  aeration.  The 
aerated  specimen  gave  a  much  more  coloured  filtrate. 

When  the  liquid  was  made  alkaline  with  lime  and  then 
aerated,  it  darkened  rapidly  and  considerably  in  colour.  The 
colouring  matter  was  somewhat  soluble,  and  gave  a  strongly 
coloured  filtrate. 

A  fair  clarification  may  be  obtained  by  adding  lime  to  the 
unaerated  liquid  (which  may  require  dilution),  separating  the 
insoluble,  and  aerating  the  clear  liquid.  A  second  ppt.  is  obtained, 
after  the  separation  of  which  the  liquid  appears  fairly  pure. 

Peaty  Water. — A  sample  of  strong  peaty  water  was  aerated 
in  Storer's  convex'ter.  After  two  hours'  action  20  per  cent,  of  the 
colour  was  destroyed  ;  further  aeration  wa,s  of  no  benefit.  Two 
grains  lime  per  gallon  were  then  added,  when  half  an  hour's  action 
destroyed  another  30  per  cent,  of  the  colour ;  i.e.,  50  per  cent,  of 
the  original  was  destroyed.    Further  aeration  was  not  of  use. 

Two  grains  of  lime  per  gallon  added  to  the  same  "water  without 
aeration  intensified  the  colour  considerably. 

JDye-house  Liquids. — A  sample  of  liquid  from  Bradford  chiefly 
contaminated  with  logwood  was  aerated.  No  apparent  change 
took  place  after  two  hours'  treatment ;  but  the  addition  of  25  gr. 
CaO  per  gallon,  and  half  an  hour's  further  aeration,  gave  a  better 
result  than  the  simple  addition  of  lime  without  aeration. 

A  sample  of  logwood  liquor  from  Brinscall  was  aerated.  After 
1-^  hour  there  was  a  decided  diminution  in  the  colour  of  the 
filtered  liquid  compared  with  the  original  liquid  likewise  filtered, 
irj'2  gr.  CaO  per  gallon  were  now  added,  which  further  lessened 
the  colour  of  the  filtrate ;  continued  aeration  (two  houi's)  was  of 
little  use, 

A  sample  of  the  above  liquor  from  Messrs.  Wood's  was  pptd. 
with  26'5  gr.  CaO  per  gall.,  and  the  filtrate  aerated.  Two 
liours'  aeration  destroyed  20  j)er  cent,  of  tlie  colour,  five  hours' 
24  per  cent,  of  the  colom*. 

Logwood  was  examined  qualitatively  with  BaO^,  BaS,  CaS, 
and  HjOj. 

BaOa  gave  the  best  result ;  then  came  BaS,  soda  waste,  HjOj  and 
CaS.  This  arrangement  is  according  to  the  immediate  effect. 
The  H2O2  continued  to  act  slowly,  and  gave  a  better  result  after 
standing  some  time. 
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Logwood  liquor  treated  in  the  converter  with  soda  waste  for 
two  hours  had  a  stronger  colour  than  by  simple  lime  precipitation 
(20  grm.  waste  to  15  litres  liquor). 

Logwood  liquor  which  had  been  treated  with  lime  and  after- 
wards aerated  was  submitted  to  the  action  of  ozonized  air  in 
the  convei'ter,  but  no  further  decrease  of  colour  ensued. 

A  quantity  of  logwood  liquor  was  enclosed  in  a  glass  tube 
along  with  oxygen  under  pressure  of  two  atmospheres,  but  no 
apparent  change  took  place  after  10  days. 

Iron  and  Tin  Plate  Worhs, 

The  solution  coming  from  these  works  consists  entirely  of 
sulphate  of  iron  with  a  little  extra  acid.  The  acid  is  in  nearly 
all  cases  sulphuric.  I  have  proposed  some  rules  which  for  the 
present  are  very  mildly  stated. 

"  Some  Rules  applicable  especially  to  Works  in  South  Wales." 

1.  After  the  31st  day  of  December  1880,  it  is  expected  that 
at  ever}'-  tin  and  iron  work  the  solutions  of  sulphate  of  iron  or 
coppei-as,  being  the  liquids  remaining  after  the  processes  in  which 
the  acid  solutions  called  "  black  pickle"  and  white  pickle  "  are 
used,  shall  be  treated  or  removed  in  such  a  manner  as  shall 
prevent  any  of  it  flowing  to  any  river  or  stream. 

2.  It  is  not  proposed  to  insist  at  present  that  the  water 
used  for  washing  the  plates  which  have  been  taken  out  of  the 
acid  or  pickle  shall  be  treated  in  such  a  way  as  to  remove  all 
the  acid.  It  is,  however,  known  that  there  are  two  methods 
by  which  it  may  be  done;  one  by  passing  the  plates  singly 
through  rollers,  and  thus  removing  the  acid  almost  entirely. 
If  the  water  should  contain  a  little  carbonate  of  lime  in  solu- 
tion, it  may  be  enough,  and  it  is  in  a  known  case  in  the 
district  more  than  enough  to  neutralise  all  the  remaining  acid. 
The  second  plan  is  to  dip  the  plates  in  a  cistern  of  water  before 
exposing  them  to  the  great  rush  of  wash  water.  This  cistern 
removes  nearly  all  the  acid,  and  will  last  a  long  time.  The  solu- 
tion will  require  to  be  boiled  down  along  with  the  so-called 
pickles,  or  otherwise  treated  so  as  to  be  innocuous. 

I  wish  to  call  attention  to  this  point,  namely,  that  at  present 
I  should  not  think  it  right  to  give  a  certificate  under  the  Act 
unless  one'of  these  methods  is  adopted,  or  a  better. 

3.  Dregs  of  the  crystallising  vessels  containing  sulphate  of 
iron  are  not  to  be  thrown  on  the  ground  in  such  places  as 
render  them  liable  to  be  washed  into  streams.  The  dregs 
ought  to  be  thrown  away  only  after  the  copperas  is  fully 
washed  out. 

4.  All  the  work  must  be  done  in  such  a  manner  as  to  be 
easily  inspected.  It  must  be  open  and  free  to  the  surface  in 
every  possible  case. 
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Uncroachments  on  the  Rivers. 

I  propose  that  in  every  case  causing  suspicion,  fear,  or  com- 
plaint a  retaining  wall  of  about  3  ft.  high  from  the  surface  he 
made  adjoining  the  river,  and  marking  the  limit  of  deposit  of 
refuse  or  "tipping."  This  wall  to  be  not  less  than  twelve 
inches  in  breadth,  and  to  be  kept  in  good  order.  The  heaps 
or  refuse  not  to  extend  to  the  edge  of  the  top  of  the  wall 
next  the  river,  but  to  be  limited  to  the  inner  edge  of  the  wall. 
When  this  point  is  reached  gi'ass  to  be  sown  on  the  refuse. 
Grass  will  grow,  although  slowly,  on  almost  every  kind  of  heap, 
and  if  there  is  any  difficulty  a  little  dusting  of  earth  is  suffi- 
cient to  raise  it.  A  small  amount  is  sufficient  to  show  that  no 
trifling  with  the  rule  takes  place,  but  that  "  tipping  "  at  the  spot 
has  ceased. 


ALKALI  WASTE  HEAPS  AND  DRAINAGE. 

On  Aeration  and  Oxidation  in  Watery  Solutions  of 
Soluble  Sulphides. 

The  waste  heaps  made  near  alkali  works,  or  by  the  tank  waste 
from  alkali  woi^ks,  wherever  laid  down,  have  been  a  frequent 
source  of  complaints.  They  give  out,  according  to  their  condition, 
sulphurous  acid  or  sulphuretted  hydrogen  ;  and  the  drainage 
water  from  the  ground  covered  by  the  waste  containing  much 
sulphide  gives  out  the  latter  gas  in  great  abundance,  according 
to  the  condition  of  the  air  or  the  rain  whilst  the  influence 
is  felt  as  far  as  the  stream  flows.  Sulphur  in  the  meantime  is 
deposited,  as  it  is  not  a  simple  sulphide,  but  a  double  or  a  penta- 
sulphide,  or  a  mixture  of  sulphides,  which  is  contained  in  the 
yellow  fluid.  I  may  as  well  extract  from  the  reports  relating  to 
the  Alkali  Acts  1877  and  1878,  p.  12,  the  following  general 
observations  which  will  introduce  the  subject : — 

"  Many  attempts  have  been  made  to  recover  the  sulphur  from 
the  great  heaps  of  lime  salts  so  frequently  seen  about  soda  works. 
These  heaps  contain  at  first  a  large  amount  of  sulphide  of  calcium. 
This  sulphide  of  calcium  is  not  very  soluble,  and  it  seems  at  first 
to  be  a  mono-sulphide  ;  gradually,  hoAvever,  it  absorbs  oxygen,  and, 
being  moist  in  tlae  condition  in  which  it  is  laid  down,  gives  out 
sulphuretted  hydrogen.  First  the  carbonic  acid  of  the  air  along 
with  water  decomposes  the  sulphide  so  that  sulphuretted  hydrogen 
passes  off ;  next  the  oxygen  of  the  air  oxidizes  the  calcium,  whicli 
sets  free  sulphur,  which  again  in  its  nascent  state  becomes  oxidized: 
these  two  processes  forming  hy])o-sulphite  of  calcium  {i.e,  thio- 
sulphate).  Another  process,  which  may  either  be  called  a  third 
or  fourth,  is  the  formation  of  sulphurous  acid.  This  is  formed,  I 
suppose,  by  the  heat  igniting  the  sulphuretted  hydrogen,  but  not 
entirely  so.  The  heat  decomposes  the  gas,  and  in  the  absence  of  air 
produces  fine  sulphur,  which  is  seen  deposited  on  the  heaps  and  in 
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all  the  gas  passages.  This  sulphur  is  ignited  as  the  heat  advances, 
and  it  burns  according  as  the  oxygen  is  supplied  ;  the  process 
may  be  so  slow  that  the  heap  cools  before  the  sulphur  receives  its 
supply  of  oxygen.  The  action  of  the  air,  if  followed  further,  leads 
to  an  oxidation  of  the  hypo-sulphite  into  sulphite,  and  afterwai-ds 
slowly  to  sulphate,  when  the  final  stage  is  reached. 

"  The  result  to  the  atmosphere  may  be,  first,  the  spread  of 
sulphuretted  hydrogea,  second,  the  spread  of  free  and  sublimed 
sulphur,  and  third,  the  spread  of  sulphurous  acid.  If  it  is  asked 
why  these  two  gases,  sulphuretted  hydrogen  and  sulphurous  acid, 
are  put  together  as  being  in  the  atmosphere,  seeing  that  they 
decompose  each  other,  I  then  add  that  they  do  not  decompose 
instantly  when  in  a  very  dilute  state  in  the  air,  and  I  mio-bt 
also  add  that  it  is  not  proved  that  they  come  from  the  exact 
same  point  of  the  decomposing  or  oxidizing  substances. 

"  In  any  case  these  gases  are  offensive,  but  if  in  a  concentrated 
form,  or  rather  if  a  considerable  quantity  of  each  is  put  together, 
or  if  they  meet  in  water,  the  result  is  that  the  sulphur  of  both 
is  thrown  down  in  a  free  state,  and  no  smell  of  either  gas  of 
course  can  be  perceived ;  both  have  ceased  to  exist.  Ifc  has 
therefore  been  the  object  of  several  inventors  to  cause  the 
sulphur  to  be  partly  oxidized  into  sulphurous  or  more  con- 
veniently into  hyposulphurous  acid,  so  as  to  form  hyposulphite 
of  lime,  a  salt  whose  acid  is  converted  into  sulphurous  acid  and 
sulphur  when  acted  on  by  any  strong  acid.  This  result  has  been 
attained,  especially  by  Mr.  Mond,  who  oxidizes  a  certain  portion 
of  the  sulphur  in  the  waste  by  blowing  air  through  it ;  and  when 
the  exact  amount  of  hyposulphurous  acid  is  formed  capable  of 
destroying  the  sulphide  of  hydrogen  or  calcium  remaining,  he 
dissolves  in  water  all  that  will  dissolve,  and  adds  hydrochloric 
acid,  which  releases  both  the  acids  so  as  to  let  theni  act  upon 
each  other.  The  result  is  that  the  sulj)hur  is  thrown  down  free 
and  useful  instead  of  combined  and  noxious. 

"Not  many  people  have  used  this  process;  it  was  said  to  be 
troublesome,  it  required  considerable  capital  to  establish  ;  still 
there  was,  and  I  suppose  still  is,  a  profit  on  the  sulphur  regained. 
This  is  fully  established  by  Mr.  Worsley,  of  Netham,  near  Bristol, 
who,  however,  showed  that  the  profit  was  not  great,  and  that 
most  of  the  manufacturers  preferred  to  use  their  capital  in  another 
direction.  Ifc  was  a  question  whether  they  ought  not  to  be  com- 
pelled to  adopt  some  plan  of  purification.  Where  capital  is 
abundant,  it  might  not  be  a  hardship  ;  where  money  is  scarce  ifc 
was  said  to  be  decidedly  so. 

"  Then  it  was  said  that  the  remaining  waste  or  undissolved  lime 
salts  which  still  contained  some  sulphur  combined  in  sulphide  of 
calcium,  decomposed  more  readily  than  when  Mr.  Mond's  process 
was  not  used,  and  that  they  sent  out  (for  a  shorter  time  certainly) 
but  still  for  a  time,  more  of  the  offending  gases.  I  do  not  think 
that  this  was  a  valid  objection  by  any  means  ;  when  the  waste  is 
well  oxidized  by  this  method,  it  certainly  is  more  porous,  but  if 
well  washed  the  oxidation  does  not  produce  oflfensive  gases  to  an 
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extent  that  could  be  perceived  twenty  yards  oft.  This  was  the 
result  of  examining  the  heap  at  Netham. 

'•'Another  objection  was  that  the  remaining  lime  compounds 
being  loose  did  not  form  such  a  solid  base  for  building  on  as  the 
old  waste.  I  do  not  see  that  this  is  correct ;  the  old  waste  swelled 
out  very  much  for  many  years,  and  was  often  a  very  dangerous 
heap,  as,  if  high,  it  was  apt  to  fall  in  great  masses.  The  waste 
formed  by  Mond's  process  does  not  swell  out  so  much  as  the 
ordinary,  because  the  fiulphur  is  removed,  and  less  oxygen  and 
water  are  required  to  form  the  sulphate  of  lime.  Time  has  not 
allowed  us  to  see  any  structures  built  on  the  new  waste  or  that 
from  Mond's  process.  The  waste  by  the  old  plan  must  lose  a 
very  large  amount  of  soluble  matter  by  rain,  as  the  hyposulphite 
is  very  soluble  in  water.  The  lightness  of  the  waste  is  probably 
caused  in  the  blowing  apparatus  in  which  it  is  puffed  up ;  if  so, 
it  will  return  by  pressure  to  the  normal  weight  of  a  sulphate. 

"  It  is  in  the  drainage  that  the  difi'erence  of  the  two  is  most 
seen.  The  old  method  gives  waste  which  sends  out  sulphureous 
solutions  for  many  years.  The  new  method  may  be  so  employed 
as  to  send  out  drainage  in  which  the  senses  cannot  detect 
sulphur :  this  I  saw  effected  at  Netham.  A  similar  result  was 
observed  where  Emil  Kopp's  method  is  used  at  Dieuze. 

"  The  ultimate  results  of  the  two  will  be  that  in  the  old  waste 
there  will  be  more  sulphate,  and  by  the  new  processes  more 
carbonate.  Besides  this  there  will  be  more  lime  dissolved  out  by 
Mond's  and  by  the  new  processes  in  the  condition  both  of  sul- 
phide and  hyposulphite.  The  sulphates  are  not  so  suited  for 
a  foundation  as  the  carbonates,  being  more  soluble  in  water ; 
the  first  about  one  in  400. 

"There  is  another  plan  of  treating  the  waste  to  be  seen  at 
Dieuze  in  Alsace.  It  was  developed  chiefly  by  Dr.  Emil  Kopp. 
Sulphate  or  chloride  or  any  soluble  salt  of  iron  is  thrown  on  the 
waste  in  small  quantities,  less  than  five  per  cent.  The  quantity 
is  not  important,  but  if  very  small  the  action  will  take  a  longer 
time.  The  iron  is  converted  at  once  into  a  sulphide,  and  if  turned 
over  and  exposed  to  the  air  it  becomes  an  oxide,  and  the  sulphur 
is  set  free,  and  in  this  way  it  is  converted  and  reconverted  until 
a  sufficient  amount  of  sulphur  is  removed  from  the  calcium. 
The  oxidation  of  the  iron  is  always  accompanied  by  the  oxidation 
of  sulphur  into  a  hyposulphite.  The  excess  of  lime  in  the 
mass  dissolves  the  sulphur,  the  heating  of  the  whole  being  suf- 
ficient for  this  purpose.  The  solutions  of  sulphide  and  hyposul- 
phite are  mixed  so  as  to  contain  the  necessary  proportions. 

"These  processes  demand  acid  in  order  to  set  free  the  sul- 
phurous and  hydrosulphuric  acids,  and  hydrochloric  acid  is  the 
most  suitable,  but  it  has  been  prasumed  too  often  in  estimating  the 
value  of  these  processes  that  it  has  little  or  no  marketable  value. 
When  bleaching  powder  is  in  demand,  the  acid  is  valuable,  and  in 
all  places,  so  far  as  I  know,  where  it  is  made  on  the  continent  it 
is  of  a  decided  value.  To  avoid  using  too  much,  Mr.  McTear 
has  invented  a  process  in  which  sulphurous  acid  takes  its  place 
to  a  considerable  extent." 
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Process  of  Dieuze. 

"  This  process,  I  believe,  was  first  proposed  by  Dr.  Emil  Hof- 
mann,  developed  by  E.  Kopp,  and  advanced  under  the  care  o£ 
M.  Marchal.  A  report  on  the  process  was  written  by  Professor 
Rosenstiehl,  of  Mulhouse,  and  communicated  to  the  British 
Association  by  Mr.  I.  Lothian  Bell,  M.P.,  but  I  do  not  find  that 
anything  above  a  short  notice  has  appeared  in  English.  I  shall 
extract  from  the  memoir  by  Professor  Rosenstiehl  whatever  may 
seem  to  be  of  interest  to  English  alkali  makers  at  the  present 
time. 

Peocess,  as  used  at  Dieuze,  for  recovering  Sulphur  from  the 
Waste  Heaps,  Report  by  Professor  Rosenstiehl,  of 
Mulhouse,  1867  (and  still  in  use  in  1878). 

"  The  solid  residue  left  on  lixiviating  crude  soda  is  called  "  marcs 
de  sonde "  or  "  charre'e."  The  elements  which  compose  this 
substance  are  sulphur,  carbonate  of  lime,  caustic  lime,  silicates, 
and  water,  in  proportions  which  greatly  depend  on  the  purity 
and  division  of  the  materials  employed  in  the  manufacture  of 
soda.  Generally  the  fresh  "  waste  "  contains  12  to  16  per  cent, 
of  sulphur  according  to  the  quantity  of  water  remaining  with  it. 

"  The  residual  liquors  from  the  manufacture  of  chlorine  contain 
the  chlorides  of  manganese,  iron,  and  barium,  free  chlorine,  free 
hydrochloric  acid  and  water,  in  proportions  which  vary  with  the 
nature  of  the  manganese  employed. 

"  The  following  is  the  composition  of  the  liquors  at  Dieuze 
according  to  an  analysis  made  by  M.  Hofmann: — 


Manganous  chloride 

-  22' 

Ferric  „ 

-  5-5 

Baric  „ 

-  ro6 

Free  chlorine 

-  0-09 

Hydrochloric  acid 

-  6-80 

Water 

-  64-55 

100-00 

These  are  the  residues  in  question  which  it  is  proposed  to 
transform  into  inoffensive  residues  or  useful  products,  but  in 
either  case  without  the  consumption  of  fuel. 

"  The  difierent  steps  in  the  process  may  be  summed  up  as 
follows : — 

1.  Transformation  of  the  waste  into  soluble  sulphur  compounds 

(yellow  liquors). 

2.  Precipitation  of  the  sulphur  by  the  acid  in  the  chlorine 

residues ;  neutralization  of  these. 

3.  Elimination  of  iron  by  fractional  precipitations. 

4.  Precipitation  of  manganous  sulphide. 

5.  Combustion  of  this  sulphide. 

6.  Utilization  of  the  ash  of  the  sulphide. 
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1. — Transformation  of  the  Waste  into  SolvMe  Sulphur 
Compounds.    {Production  of  Yelloiu  Liquors.) 

When  acid  is  poured  into  a  mixture  of  two  molecules  of  a 
polysulpliide  and  one  molecule  of  a  hyposulphite,  all  the  sulphur 
contained  in  these  bodies  is  precipitated,  and  neither  sulphuretted 
hydrogen  nor  sulphurous  acid  is  evolved.  One  molecule  of  hy- 
drochloric acid  thus  producing  at  least  one  atom  of  sulphur 
(S=32)  and  at  most  two  atoms,  according  as  the  solution  contains 
a  bisulphide  or  a  pentasulphide. 

We  may  thus  with  a  small  expense  of  acid  produce  a  relatively 
large  quantity  of  sulphur  and  avoid  all  evolution  of  gas.  On 
this  reaction  the  regeneration  of  sulphur  is  based.  It  is  necessary 
to  convert  the  sulphide  of  calcium  in  the  waste  into  a  poly- 
sulphide  and  hyposulphite. 

When  the  waste  is  exposed  to  the  air  the  simultaneous  action 
of  carbonic  acid,  oxygen  and  water,  induces  the  formation  of 
soluble  compou.nds  of  which  I  have  spoken. 

But  the  reaction  is  slow ;  it  requires  not  less  than  8  to  10 
months  for  completion,  that  is  to  say,  to  furnish  a  residue  nc 
longer  containing  sulphides.  The  necessary  consequence  of  this 
tardy  action  is,  large  surfaces  of  ground  for  the  decomposition  oi 
the  daily  yield  of  waste. 

This  process,  condemned  by  practical  men,  has  been  so  success- 
fully modified  at  Dieuze  that  it  allows  the  extraction  of  44  per 
cent,  of  the  total  quantity  of  sulphur  contained  in  the  waste,  in 
the  form  of  soluble  compounds,  and  that  in  the  space  of  8  days. 

This  modification,  -which  forms  the  novelty  of  the  process,  con- 
sists in  the  incorporation  of  a  certain  quantity  of  sulphides  of 
iron  and  manganese  with  the  waste.  These  sulphides  are  obtained 
by  treating  the  neutralized  .chlorine  residues  with  a  little  waste 
until  almost  all  the  iron  is  precipitated  as  sulphide  ;  at  this  time 
the  greater  part  of  the  manganese  ia  still  in  solution ;  this  liquid 
is  run  off,  and  the  residue  is  mixed  with  the  waste,  which  is 
allowed  to  remain  exposed  to  the  air  for  6  or  8  days. 

The  ail-  acts  energetically  on  this  mixture,  and  the  sulphuretted 
compounds  are  formed  rapidly.  The  formation  of  these  poly- 
sulphides  and  hyposulphite  requires  the  presence  in  the  mass  of 
free  sulphur.  Now,  according  to  the  observation  of  M.  Plofmann, 
sulphide  of  manganese  exposed  to  the  air  is  transformed  into 
oxide  and  free  sulphur ;  the  oxide  of  manganese  may  again  be 
made  into  sulphide,  and  pass  through  the  same  changes ;  a  part 
of  the  waste  is  thus  found  decomposed  into  caustic  lime  and  free 
sulphur. 

Analyses  made  by  the  chemist  already  cited  prove  in  fact  that 
the  final  residue  contains  a  larger  proportion  of  free  lime  than 
the  waste  itself. 

In  the  theory  described,  I  have  intentionally  ignored  the 
presence  of  sulphide  of  iron.  Its  action  is  not  yet  defined  by  direct 
experiment,  and  from  its  proneness  to  oxidation  might  readily 
favour  the  formation  of  calcium  sulphate,  and  thus  have  a  less 
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useful  effect  than  tlie  sulpliide  of  manganese.  The  liberated 
sulphur  forms  polysulphides  with  a  portion  of  the  sulphide  ot 
calcium, and  hyposulphite  with  another  portion,  under  the  influence 
of  the  air. 

For  practical  purposes  it  was  very  important  to  know  how  to 
produce  separately  one  or  other  of  these  compounds.  The  ad- 
vantage was  thus  obtained  of  mixing  them  in  such  proportions 
that  an  evolution  of  sulphuretted  hydrogen  or  sulphurous  acid 
should  be  completely  avoided  when  acted  upon  by  acid. 

This  imjDortant  result  was  obtained  by  obsei-ving  carefully  the 
progress  of  the  oxidation. 

The  waste  containing  the  sulphides  of  iron  und  manganese  is 
exposed  to  the  air  in  heaps  for  eight  days.  The  interior  of  the 
mass  heats  and  would  arrive  at  iccandesence  if  care  were  not 
taken  to  turn  over  the  heap  dvuing  the  interval.  In  this  manner 
the  temperature  rarely  exceeds  90°  (C.)  The  lixiviation  of  this 
modified  waste  furnishes  a  saturated  solution  of  a  polysulphide 
of  calcium  ;  there  is  only  a  small  quantity  of  hyposulphite  pro- 
duced ;  doubtless  the  high  temperature  destroys  this  latter  com- 
pound, it  being  decomposed  at  50°  (C)  into  polysulphide  and 
sulphate. 

After  this  first  lixivation  the  residue  is  again  exposed  to  the 
ail'  for  two  or  three  days,  then  it  is  washed  a  second  time.  In 
this  case  the  temperature  is  less  elevated,  and  considerable 
quantities  of  hyposulphite  are  formed.  The  residue  from  the 
second  washing,  exposed  to  the  air,  again  heats,  the  sulphides  of 
iron  and  manganese  being  oxidised,  in  this  case  no  product  is 
obtained  by  washing. 

According  to  an  analysis  of  M.  Hofmanu,  this  residue  is 
composed  of — 

Sulphate  of  lime     -  -  _  66-248 

Carbonate    „  -              -  -  1'320 

Caustic  lime          -  -  -  20-982 

Oxide  of  iron  and  alumina  -  -  7- 

Oxide  of  manganese        -  -  1-500 

Insoluble  matter     -  -  -  2-800 
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This  residue  does  not  occupy  more  than  two-thirds  of  the 
original  volume  of  the  waste  ;  it  does  not  now  contain  any  sub- 
stance which,  by  dissolving  in  the  drainage  water,  could  injure 
vegetation  or  manufactures. 

I  have  often  examined  the  drainage  water  from  heaps  of  the 
residue,  and  have  been  able  to  prove  the  absence  of  soluble  sul- 
phides ;  this  fact  is  important  from  a  sanitary  point  of  view. 
^  It  has  been  said  that  the  result  of  the  first  washing  is  a  solu- 
tion of  polysulphide  of  calcium  in  which  acids  produce  an  abun- 
dant precipitate  of  sulphur  and  an  evolution  of  sulphuretted 
hydrogen. 
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The  second  washing  gives  a  mixture  of  polysulphides  and 
hyposulphite  in  such  proportions  that  an  acid  produces  a  feeble 
disengagement  of  sulphurous  acid,  and  at  the  same  time  an  abun- 
dant precipitate  of  sulphur.  These  two  solutions  are  employed 
separately ;  the  first  is  used  by  preference  for  the  neutralization 
of  the  chlorine  liquors  and  the  production  of  sulphur,  and  the 
second  serves  for  the  production  of  sulphide  of  manganese. 

From  their  beautiful  golden  colour  these  liquors  are  called  the 
yellow  liquors,  and  to  distinguish  them  from  each  other  the  first 
is  called  sulphuretted  yellow  liquor  (eaux  jaunes  sulfurees),  and 
the  second  oxidised  yellow  liquor  (eaux  jaunes  oxiddes). 

2. — Neutralisation  of  the  Residues  from  the  manufacture  of 
Chlorine ;  i)recipitation  of  Sulphur. 

These  residues  contain  three  substances  which  unite  in  preci- 
pitating sulphur  ;  they  are  hydrochloric  acid,  free  chlorine,  and 
ferric  chloride. 

Into  one  pit  is  brought  a  mixture,  in  convenient  proportions, 
of  the  two  yellow  liquors  so  as  always  to  maintain  a  slight  excess 
of  sulphurous  acid  and  the  acid  residues  from  the  preparation  of 
chlorine.  The  moment  of  neiitralization  is  known  by  the  preci- 
pitated sulphur,  which  at  first  is  pure  yellow,  becoming  grey  from 
the  presence  of  a  trace  of  sulphide  of  iron.  The  precipitated 
sulphur  is  very  abundant,  and  of  such  a  consistence  that  it  settles 
rapidly  and  permits  the  easy  passage  of  liquids ;  it  is  washed  on 
a  filter,  pressed,  and  dried. 

3. — Separation  of  the  Iron. 

The  preceding  operation  has  neutralized  the  residues  from  the 
manufacture  of  chlorine  ;  at  the  same  time  the  free  chlorine  has 
disappeared,  and  the  ferric  chloride  has  been  reduced  to  ferrous 
salt. 

According  to  the  process  described  in  the  memoir  of  M.  Buquet, 
the  neutralized  liquid  was  pumped  into  certain  reservoirs,  where 
the  iron  was  eliminated  by  fractional  precipitation  by  adding 
gradually  a  solution  of  the  sulphuretted  yellow  liquors  to  the 
mixed  chlorides  of  iron  and  manganese,  a  precipitate  was  thus 
obtained  of  sulphide  of  iron  containing  45  per  cent,  of  sulphur, 
and  equalling  pyrites  smalls  for  tlie  manufacture  of  sulphuric 
acid.  This  manufacture  of  sulphide  of  iron  has  been  stopped,  as 
the  ashes  resulting  from  the  roasting  are  of  no  value,  and  form  a 
cumbersome  residue ;  moreover,  the  sulphide  of  iron  in  the  form 
of  paste  has  a  singular  consistency  which  may  be  compared  to 
that  of  tar  or  of  a  fiitty  body ;  it  is  washed  and  drained  with 
difficulty,  and  attaches  itself  to  all  bodies  with  which  it  comes  in 
contact,  and  it  is  only  removeable  by  excessive  and  violent 
washing.  The  workmen  show  a  certain  unwillingness  to  work 
with  it.  It  is  therefore  preferable  to  employ  the  sulphuretted 
yellow  liquors  for  the  preparation  of  the  sulphide  of  manganese, 
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which  is  more  advantageous  and  an  easier  operation,  and  the  iron 
is  eliminated  by  sending  into  the  liquid  a  little  waste  mixed  with 
caustic  lime  ;  the  precipitate,  which  is  a  very  impure  mixture  of 
sulphide  and  oxide  of  ii'on,  is  added  to  the  total  mass  of  waste 
and  serves  to  induce  oxidation, 

4. — Precipitation  of  Sulphide  of  Manganese. 

The  liquids  coining  from  the  preceding  operation  contain  only 
the  chlorides  o£  manganese  and  calcium.  After  clarification  in  a 
special  tank,  the  sulphuretted  yellow  liquors  are  added,  and  a 
beautiful  rose  red  precipitate  of  manganous  sulphide  free  from 
iron  but  mixed  with  sulphur  is  obtained.  The  use  of  yellow 
liquors  containing  hyposulphite  is  carefully  avoided  in  this 
operation  because  the  latter  compound  does  not  precipitate  salts 
of  manganese,  and  the  corresponding  sulphur  would  be  lost. 

When  the  precipitate  is  formed,  it  is  allowed  to  settle,  and  the 
clear  liquid  is  decanted  and  allowed  to  flow  into  the  river  ;  the 
sulphide  of  manganese  is  collected,  washed,  di'ained,  and  dried  on 
warm  plates. 

The  preparation  of  sulphide  of  manganese  on  the  large  scale 
permits  of  the  close  study  of  the  chemical  properties  of  this  body. 

As  it  is  obtained  at  Dieuze,  it  contains  58"6  per  cent,  of  sul- 
phur ;  sulphide  of  carbon  dissolves  two-thirds  of  the  sulphur  if 
it  has  been  dried  rapidly,  there  is  therefore  only  one  third  of  the 
sulphur  combined  with  the  manganese. 

According  to  these  data  it  would  contain — 

Sulphur  -  -  -  -  40 

Manganous  sulphide  -  -  55 

Oxide  of  manganese      -  -  -  5 
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approximately  3  atoms  of  sulphur  for  1  of  manganese ;  whence  we 
may  conclude  that  the  sulphuretted  yellow  liquors  contain 
tersulphide  of  calcium.  Exposed  to  the  air  it  becomes  brown 
rapidly.  This  colouration  is  due  to  a  remarkable  phenomenon  of 
oxidation  eflfecting  the  separation  of  the  sulphur  from  the  man- 
ganese which  forms  an  oxide.  This  combustion  is  continuous, 
and,  from  the  observations  of  M.  Hofmann,  the  final  result  would 
be  the  total  decomposition  of  the  sulphide  ;  no  sulphate  is  formed. 
The  quantity  of  heat  disengaged  during  this  exposure  to  the  air 
is  considerable;  it  accumulates  sufficiently  from  fragments  of 
sulphide  in  heaps  2  to  3  decimetres  high,  so  that  after  five  minutes 
the  heat  disengaged  is  sensible  to  the  hand,  and  at  the  end  of 
twenty  minutes  it  is  sufficient  to  inflame  the  sulphide.  At  Dieuze 
there  has  been  constructed  a  small  furnace  which  permits  of  this 
experiment  being  conducted  on  a  larger  scale,  and  to  give  most 
striking  evidence  of  this  singular  fact.  This  furnace  is  a  cylin- 
drical space  about  1  metre  high  ;  the  grate  is  a  simple  arch  of  dry 
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stories  ;  it  communicates  with  a  sulphur  Imuier  which  receives 
the  products  of  combustion.  This  small  furnace  is  charged  from 
above  with  large  pieces  of  sulphide,  the  aperture  is  closed  with 
bricks  luted  with  clay.  The  feeble  draught  of  the  sulphur  burner 
produces  a  current  of  air  sufficient  to  traverse  the  interstices  of 
the  grate  ;  the  oxidation  commences ;  the  temperature  being 
elevated,  in  five  minutes  the  sulphide  catches  fire,  and  in  a  few 
moments  the  mass  is  at  a  bright  red  lieat,  which  is  maintained  so 
long  as  there  is  any  sulphide  remaining. 

This  proneness  to  combustion  necessitates  precautions  to  avoid 
accidents.  It  has  been  observed  that  the  sulphide  when  in  the 
form  of  powder  does  not  inflame  spontaneously,  no  doubt  because 
the  air  then  penetrates  too  slowly.  If  it  is  wished  to  place  the 
sulphide  in  heaps,  the  workmen  must  crush  the  lumps  with  his 
shovel ;  under  these  conditions  no  ignition  has  been  observed. 
However,  it  is  rare  to  have  any  considerable  quantity  stored,  the 
sulphuric  acid  manufacture  consuming  it  as  it  is  produced. 

5  and  6.— Combustion  of  the  Sulphide  of  Manganese ;  Utilization 

of  the  Ashes. 

As  we  have  just  seen,  there  is  no  difficulty  in  burning  the  sul- 
phide of  manganese  ;  this  combustion  is  performed  simply  in  the 
furnaces  in  which  Sicilian  sulphur  is  burned,  the  sulphurous  acid 
being  conducted  to  the  lead  chambers. 

The  residue  from  combustion  contains,  according  to  M.  Hof- 
mann, — 

Manganous  sulphate  .  -  -  44*5 

Binoxide  of  manganese  -  -  18"9 

Protoxide  -     ,     "  "  "  ^^'^ 

The  weight  of  the  ash  is  half  the  weight  of  the  sulphide  used. 

The  manganous  sulphate  produced  in  this  reaction  would 
appear  to  be°a  serious  obstacle  to  the  employment  of  sulphide  of 
manganese  ;  its  formation  causes  a  loss  of  sulphur,  and  from  its 
solubility  it  is  as  inconvenient  a  re-idue  as  the  chloride.  This 
difficulty  has  been  overcome  by  so  ingenious  a  process  that  not 
only  is  the  loss  of  the  sulphuric  acid  corresponding  to  the  man- 
fvanese  sulphate  avoided,  but  the  oxide  of  manganese  is  in  a  great 
measure  recovered.  The  process  described  in  the  memoir  pre- 
sented to  the  Industrial  Society  has  been  modified  ;  the  sulphate 
of  manganese  is  no  longer  separated  by  washing.  It  has  been 
remarked  that  the  presence  of  oxide  does  not  at  all  change  the 
conditions  of  success  ;  at  one  step  the  cost  of  evaporating  the 
solution  of  the  sulphate  has  been  avoided,  and  a  superior  yield  of 
binoxide  has  been  obtained.  .     ,    .  ,  •  , 

Tlieash  of  the  manganous  sulphide  is  mixed  with  an  equivalent 
quantity  of  nitrate  of  sodium ;  this  mixture,  heated  in  a  sulphur 
or  manc^anous  sulphide  furnace,  disengages  the  nitrous  fumes 
necessary  for  the  formation  of  sulphuric  acid.  The  residue  from 
the  calcining  is  a  mixture  of  neutral  sodium  sulphate  and  oxide 
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of  manganese,  containing  55  per  cent,  of  the  binoxicle,  and 
equalling  the  native  manganeses.  In  certain  cases  it  may  be 
advantageous  to  the  manufacturer  to  produce  a  richer  oxide  ;  pure 
manganous  sulphate  is  then  employed,  and  an  oxide  containing 
70  per  cent,  of  binoxide  is  obtained. 

'  To  recapitulate :  the  process  adopted  at  Dieuze  converts  two 
troublesome  and  offensive  residues, — 

1st.  Into  a  solid  residue,  composed  of  sulphate  of  lime,  carbonate 
of  lime,  oxide  of  iron,  and  oxide  of  manganese,  substances 
which  are  insoluble  and  inoffensive. 
2nd.  Into  a  liquid  residue,  containing  part  of  the  calcium,  and 
all  the  chlorine  from  the  manganese  residues,  in  the  form 
of  calcium  chloride.  This  neutral  salt,  dissolved  in  a  certain 
quantity  of  water,  is  inoffensive,  and  may  with  impunity 
flow  into  a  river. 

It  furnishes  as  useful  products: — 
1st.  Sulphur  either  free  or  combined  with  manganese. 
2nd.  An  oxide  of  manganese,  which  can  be  used  for  the 
preparation  of  chlorine. 

It  will  be  seen  that  this  process  .still  produces  residues  ;  it  does 
not,  therefore,  attain  to  the  ideal  of  chemical  manufacture,  but 
these  residues,  not  being  hurtful  to  any  manufacture,  will  not 
readily  induce  litigation. 

Some  attempts  have  been  made  at  Dieuze  to  utilize  the  calcium 
chloride. 

The  production  of  pure  calcium  sulphate  by  the  action  of 
sodium  sulphate  was  tried ;  the  fibrous  structure  of  this  body 
seemed  to  indicate  it  as  a  substitute  for  kaoline  in  the  paper 
manufacture ;  but  this  product  has  not  been  accepted  hitherto, 
and  this  part  of  the  Dieuze  process  still  remains  a  proposal. 

•  •  •  •  •  . 

Two  useful  products  have  been  obtained,  viz.,  sulphur  equal  to 
36  per  cent,  of  the  total  quantity  in  the  waste,  and  sulphate  of 
manganese,  which  contains  a  further  amount  of  from  8  to  10 
per  cent,  of  that  substance. 

Before  entering  upon  the  financial  part  of  this  report,  it  is 
necessary  to  examine  the  value  of  the  products  obtained. 

Grey  sulphur  contains  about  90  per  cent,  of  pure  sulphur ;  it 
is,  therefore,  almost  equal  to  Sicilian  sulphur,  which  contains 
from  2  to  5  per  cent,  of  impurities. 

On  the  Kegeneeation  of  the  Sulphue  employed  in  the 
Alkali  Manufactuee,  as  conducted  at  the  works  of 
Messrs.  Chaeles  Tennant  &  Co.,  St.  Rollox,  by  the 
"Mactear"  Peocess. 

Read  before  Section  B,  British  Association,  Plymouth, 

7th  Aug.  1877. 

The  "  Mactear "  process  owes  its  origin  to  the  great  nuisance 
produced  by  the  natural  oxidation  of  the  enormous  heaps  of 
Q  7516.  Q 
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alkali  waste,  and  its  subsequent  lixiviation  either  by  rainfall  or 
by  springs  under  the  heaps,  and  differs  in  the  first  instance  from 
Mond's  process,  in  that  it  proposes  simply  to  deal  with  the 
drainage  liquors  from  the  deposits,  and  not  by  any  special 
separate  treatment  of  the  waste. 

The  principle  on  which  all  these  processes  for  the  recoveiy 
of  the  sulphur  have  been  based  is  identical,  and  lies  in  the 
decomposition  of  sulphuretted  hydrogen  by  sulphurous  acid,  or 
such  decompositions  as  are  to  all  intents  and  purposes  equal  to 
this. 

It  is  of  course  necessary  that  the  lime  sulphur  compounds 
must  be  in  such  proportions  that,  on  the  addition  of  hydrochloric 
acid  with  proper  precaution,  there  shall  be  practically  no  evolu- 
tion of  sulphuretted  hydrogen;  and  in  Mond's  process  it  has 
been  found  extremely  difficult  to  obtain  in  practice  liquors  of 
the  required  composition,  and  if  the  workmen  are  at  all  careless 
there  is  apt  to  be  a  considerable  evolution  of  sulphuretted 
hydrogen. 

In  the  "Mactear"  process  the  apportionment  ot  the  various 
sulphur  compounds  is  very  simple,  and  the  evolution  of  sul- 
phuretted hydrogen,  except  in  cases  of  the  most  gross  carelessness, 
is  very  slight  indeed.  Although  this  process  has  until  very 
recently  •  only  been  in  use  at  the  works  of  Messrs.  Charles 
Tennant  &  Co.,  at  St.  Rollox,  yet  by  it  more^  sulphur  has  been 
recovered  than  by  any  other  process  hitherto  introduced. 

The  heaps  of  alkali  waste  at  the  St.  Kollox  Works  have  been 
accumulating  for  over  40  years,  and  are  chiefly  deposited  on  the 
surface  of  an  old  "bog"  or  "peat  moss,"  which  has  been  formed 
in  a  natural  basin  in  sandstone  rock.    This  bog  ls  of  large 
extent,  and  contains  many  springs  of  water,  which,  rising  up 
under  the  waste,  dissolve  out  the  soluble  sulphur  compounds, 
and  give  rise  to  a  large  flow  of  what  is  commonly  called  "yelbw 
liquor  "  which  is  a  complex  sulphide  of  calcium,  holding  also  in 
solution  free  sulphur.    This  liquor  was  for  many  years  allowed 
to  flow  with  the  natural  drainage  of  the  land  into  a  stream 
called  the  "  Pinkston  Burn,"  which,  after  traversing  a  consider- 
able portion  of  the  city  of  Glasgow  as  a  covered  sewer,  falls  into 
the  river  Kelvin  at  some  little  distance  from  its  junction  with 
the  Clyde.    This  burn  in  its  course  receives  liquid  refuse  of  all 
sorts  other  than  mere  sewage,  notably  refuse  from  distilleries, 
and  these  being  acid  gave  off  from  the  sulphide  of  calcium 
liquors  sulphuretted  hydrogen  in  such  quantities  as  to  give  rise 
to  a  most  intolerable  nuisance,  of  which  the  public  had  good 

reason  to  complain.  '  ^   p  .  i  i 

Tlie  writer's  two  predecessors  in  the  management  ot  tlie  worics 
of  Messrs.  Charles  Tennant  &  Co.,  the  late  .Messrs.  C.  T.  Dunlop 
and  John  Tennent,  used  their  "best,  endeavours  to  abate  or 
remove  the  cause  of  complaint,  but  in  the  then  state  of  know-, 
-ledge  it  was  not  found  possible  to  overcome  it,  although  a  large 
sum  of  money  Avas  expended  in  the  attempts. 

An  eff'ort  to  abate  the  evil  by  intercepting  the  springs  ot 
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water  which  were  supposed  to  exist  under  the  deposits  was 
made,  a  shaft  being  sunk  to  the  sandstone  rock  some  40  or 
50  feet  m  depth,  and  a  series  of  mines  or  galleries  were  then 
driven  in  various  directions,  extending  in  one  direction  to  nearly 
300  yards,  and  following  up  all  water  sources  that  were  met 
with.  A  large  amount  of  water  was  thus  drained  off,  and  it  was 
pumped  out  of  the  mine  and  run  away.  This  was  continued 
night  and  day  for  years,  and  must  no  doiibt  have  decreased  the 
amount  of  sulphide  of  calcium  liquor,  which,  however,  existed 
still  to  the  extent  of  about  30,000  gallons  per  day,  of  from  11°  to 
14°  Twaddell. 

The  rainfall  of  Glasgow  being  about  42  inches  per  annum,  and 
one  inch  of  water  being  equal  very  nearly  to  100  tons  per  acre, 
the  amount  of  drainage  due  to  the  rainfall  alone,  supposing  half 
the  total  amount  of  rain  to  pass  through  the  mass  of  waste 
(which  is  of  rather  a  porous  nature),  would  be  very  nearly 
1,300  gallons  per  acre.  The  deposits  covered  at  this  period 
about  10  acres,  so  that  there  would  be  equal  to  at  least  13  000 
gallons  per  day  due  to  rainfall  alone. 

The  damp  climate  of  Glasgow  thus  adds  to  the  difficulties  in 
the  way  of  utilizing  the  waste  and  prevention  of  nuisance. 

In  the  year  1864  an  iron  pipe  of  some  9"  diameter  was  laid 
chrect  from  the  St.  Rollox  Works  to  the  River  Clyde,  and  the 
sulphide  of  calcium  liquors  were  thereafter  run  away  by  this 
channel,  a  large  reservoir  being  constructed  to  enable  the  liquid 
to  be  stored  up,  so  that  it  might  only  be  allowed  to  flow  away 
into  the  river  while  flooded  with  rain,  which  in  our  climate  is 
not  seldom. 

Still  the  nuisance,  although  it  had  been  removed  altogether 
from  the  district  in  which  it  had  formerly  given  such  cause  of 
complaint,  was  only  transferred  in  a  lessened  degree  to  another, 
and  serious  complaints  were  ma-ie  as  to  smell,  and  also  as  to  an 
.  allepd  action  of  the  water  of  the  Clyde  on  the  copper  sheathing 
of  the  ships  which  lay  in  the  river.   The  late  Professor -Anderson 
made  an  investigation,  and  prepared  a  long  and  interesting  report 
on  the  subject  for  the  Clyde  Trustees  in  1865,  and  thereafter 
year  l)y  year,  pressure  was  brought  to  bear  on  the  Messrs.  Tennant 
l)y  the  authorities,  in  order  to  force  them  to  take  such  steps  as 
were  possible  to  prevent  nuisance  arising  from  this  drainao-e 
_  And  here  it  is  worth  considering  one  of  the  greatest  difficulties 
m  dealing  with  a  question  of  this  kind.    It  is  this  :— 

The  drainage  comes  chiefly  from  heaps  of  waste  which  have 
been  some  time  deposited,  not  from  the"  fresh  waste,  and  if  the 
usual  cry  of  the  aggrieved  public  were  to  be  acted  upon,  and  the 
works  abohshed  or  forced  to  remove,  the  drainage  would  still 
remain,  and  continue  for  years  to  be  as  great  a  nuisance  as  before  • 
indeed  were  an  alkali  work  compelled  to  close  on  account  of  its 
waste  heap  drainage  nuisance,  there  would  be  no  hope  whatever 
ot  the  nuisance  being  reduced-  for  years  to  co^e;  On  the  other 
hand,  by  such  a  process  as  that,  now  in  use  at  St.  Rollox  the 
alkali  work,  while  it  produces  hydrochloric  acid,  can  utilize  'this 
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waste  drainage  liquor  without  nuisance ;  and  thus  the  best  means 
of  remo^dng  cause  of  complaint  of  alkali  waste  drainage,  is  by 
encouraging  the  alkali  works  to  remain  and  to  undertake  the 
production  of  sulphur. 

In  the  year  1867  the  writer's  firm  erected  plant  for  the  sulphur 
recovery  process  of  Mr.  Mond,  which  we  proposed  working  on  a 
modified  system,  in  which  the  drainage  liquors  were  to  be  used 
instead  of  water  for  lixiviating  the  oxidised  waste. 

So  far  as  the  production  of  sulphur  was  concerned,  this  process 
succeeded  admirably,  but  the  evolution  of  sulphuretted  hydrogen 
when  the  liquors  were  not  of  exactly  the  correct  proportions  for 
decomposition,  and  also  that  given  off  during  the  oxidation  of  the 
waste,  which,  in  the  large  scale  on  which  the  process  was  em- 
ployed at  the  St.  RoUox  Works,  was  considerable,  caused  serious 
complaints  in  the  immediate  neighbourhood  of  the  works. 

The  very  large  amount  of  plant  required  also,  and  the  fact  that 
it  was  not  found  possible  to  work  up  by  it  all  the  drainage 
liquors,  induced  the  writer  to  again  carefully  study  the  subject 
in  all  its  bearings ;  and  after  a  long  series  of  experiments,  many 
of  them,  like  those  of  former  workers  in  the  same  durection, 
failures,  he  succeeded  in  developing  the  process  which  has  been 
so  successfully  worked  at  St.  Rollox,  and  bears  his  name. 

As  has  been  said,  the  principle  of  aU  the  processes  for  the 
recovery  of  sulphur  from  alkali  waste  lies  in  the  mutual  decom- 
position of  sulphuretted  hydrogen  and  sulphurous  acid._ 

The  "  Mactear  "  process  depends  on  the  decomposition  ot  the 
sulphides  of  calcium  by  hydrochloric  acid,  in  the  presence  of  a 
source  of  sulphurous  acid.  ,  •  i   •  r 

The  process  has  various  modifications,  each  ot  which  is  appli- 
cable under  special  circumstances  : —  . 
1st.  The  drainage  liquor  usually  called  « yellow  liquor  is 
mixed  with  a  small  proportion  of  lime,  and  then  treated 
with  sulphurous  acid,  which  it  absorbs,  giving  a  small 
quantity  of  sulphur.  The  liquid  containing  this  sulphur  m 
suspension  is  then  decomposed  at  a  temperature  ot  about 

140°  Fahr.  .  x  w 

This  method  gives  good  results,  but  is  difficult  to  regulate, 
and  is  subject  to  the  same  objection  as  Mond's  process,  in 
that  it  is  difficult  to  regulate  the  composition  of  the  hquors, 
even  when  only  a  portion  of  the  yellow  liquor  is  treated 
with  sulphurous  acid,  and  then  mixed  with  the  remaimng 
portion  and  hydrochloric  acid. 

It  is  also,  in  consequence  of  this  difiiculty,  apt  to  give 
rise  to  an  evolution  of  sulphuretted  hydrogen,  and  cause  a 

nuisance.  ,    -,  ^    .i        >.  n 

2nd  The  modification  actually  worked  for  the  past  five  yeare 
is  that  of  using  a  solution  of  sulphurous  acid  in  water. 
This  is  obtained  either  from  pyrites,  or  from  the  retuse 
sulphur  from  the  process.  „       ,  a  - 

The  condensing  towers  are  built  of  wood,  common  flooring 
boards,  well  jointed,  and  bound  with  iron  corner-pieces  and 


101 


tie  rods.  These  towers,  after  five  years'  use,  seem  at  this 
date  almost  as  good,  and  the  wood  as  fresh,  as  when  new. 

These  towers  are  filled  with  coke  in  three  staores,  strong 
cross  joints  dividing  the  tower  into  three  divisions.  A 
tray,  with  a  large  number  of  little  tubes  of  lead,  covered 
over  with  lutes  to  avoid  entrance  of  air,  divides  the 
water  into  fine  streams,  and  the  sulphurous  acid  gas  is  then 
lead  up  one  tower,  down  to  the  bottom,  and  up  another  tower. 

The  solution  of  sulphurous  acid  in  water,  in  practice,  is 
only  of  about  2°  Twaddell,  and  in  this  lies  the  worst  feature 
of  this  modification  of  the  process,  viz.,  the  heating  to  the 
proper  temperature  for  decomposition  of  such  a  large  bulk 
of  Hquid, 

The  solution  of  sulphurous  acid  is  led,  by  means  of  a 
wooden  shute,  to  the  decomposing  vessels,  and  is  mixed  on 
its  way  with  a  stream  of  the  yellow  liquor  or  sulphide  of 
calcium ;  it  then  runs  into  the  decomposing  vessel,  whei-e 
it  is  met  by  a  stream  of  hydrochloric  acid,  the  whole  kept 
carefully  at  as  near  145°  Fahr.  as  possible.  With  moderate 
care,  little  sulphuretted  hydrogen  is  evolved,  and  the  de- 
composition is  regulated  in  the  easiest  manner  by  a  very 
simple  means  of  testing : — A  burette  is  fixed  to  a  wooden 
upright,  and  filled  with  the  yellow  liquor,  a  sample  is  drawn 
from  the  decomposing  vessel,  a  drop  of  solution  of  sulphate 
of  iron  added,  and  then  the  yellow  liquor  run  in  from  the 
burette  ;  the  number  of  divisions  requked  to  blacken  the 
solution  indicate  the  acid  still  present. 

The  sulphur  is  allowed  to  settle,  and  the  clear  liquor  run 
ofi"  through  a  catch  pit,  so  as  to  retain  any  sulphur  that 
might  otherwise  be  lost ;  and  after  some  5  or  6  operations, 
the  sulphur  sludge  is  run  ofi"  into  a  drainer. 

After  draining  into  a  stifiish  mud,  it  is  transferred  to  a 
melting  vessel,  where  it  is  melted  by  steam ;  and,  if  neces- 
sary, the  arsenic  removed  by  an  application  of  the  well-known 
fact  that  alkaline  sulphides  dissolve  sulphide  of  arsenic. 
This  process  was  first  applied  at  St.  Kollox  in  1869,  while 
working  Mond's  process,  and  has  been  adopted  by  almost 
all  those  manufacturers  who  recover  sulphur.  It  has  the 
drawback,  however,  that  it  also  removes  a  quantity  of 
sulphur,  which  is  of  course  just  so  much  loss. 

The  plant  required  is  simple,  and,  looking  at  the  results 
obtained,  very  inexpensive. 

It  consists  of : — 

1st.  Pumping  arrangement  and  cistern  for  the  yellow 
liquor. 

2nd.  Kilns  for  burning  pyrites  or  sulphur,  and  pro- 
ducing SOj. 
Srd.  Condensing  towers,  and  water  supply. 
'ith.  Steam  boiler. 

5th.  Wooden  decomposers,  with  stirring  gear. 
6th.  Wooden  drainers  for  the  sulphur. 
7th.  Steam  melting  arrangements. 
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And  the  following  is  an  estimate  of  the  cost  of  the  plant 
now  at  work  at  St.  Rollox : — 

Mactear's  Sulphur  Recovery  Process. 


Cost  of  Plant. 


To  produce  30  to  35  tons  weekly. 

o 

Sulphur  burners 

oo 

0 

0 

Cast-iron  tunnel     -       .  - 

T  OA 

0 

0 

Lead  tunnel 

0 

0 

fecanoidmg  tor  pipes  - 

lb 

0 

0 

(JonciensiDg  towers  - 

lb-6 

0 

0 

Pipes  and  nttings,  &c. 
Wooden  decomposing  vessels 

Si) 

0 

0 

-  163 

0 

0 

Engine  and  gearing 

-  160 

0 

0 

Valves,  runs,  taps,  &c. 

-  G4 

0 

0 

Water  tank    -          -  - 

-  24 

0 

0 

Steam  and  water  pipes 

-  50 

0 

0 

Pumping  engine 
Steam  boilers 

-  40 

0 

0 

-  600 

0 

0 

Brickwork  and  fittings 

-  110 

0 

0 

Melters  and  fittings 

-  151 

0 

0 

Square  draining  tanks 

-  120 

0 

0 

Roofs       i       -  - 

-  134 

0 

0 

.£'2,019    0  0 


All  this  plant  is  substantially  erected,  and  likely  to  last 
for  many  years,  with  ordinary  repair. 

It  is  capable  of  making  35  tons  of  sulphm-  weekly,  from 
yellow  liquors  of  about  11°  Twaddell ;  when  less  than  this 
strength,  the  increased  bulk  of  liquid  prevents  the  neces- 
saiy  amount  being  worked  in  the  decomposers. 

The  following  statement  shows  the  cost  of  manufacturing 
one  ton,  with  the  consumpt  of  coals,  acid  and  pyrites : — 

Detailed  Cost  of  One  Ton  of  Sulphur  by  "  Mactear  " 

Process. 


Pyrites  Sulphur 

Salt  - 

Vitriol 

Coal  - 

Repairs 

Wages 


Off  Sulphate  of  Soda 

Nett  cost  of  one  ton  of  Sulphur 


Cwt.  Qr. 

Lb. 

Rate. 

Cost. 

8  0 

25 

39/ 

16-03/ 

35  1 

18 

16/ 

28-33 

29  3 

27 

30/ 

45-00 

114  2 

7 

4-4/ 

25-20 

4-00 

38-50 

157  06 

39  0 

21 

49/ 

96  01 

61-05/ 

103. 


It  will  be  seen  that  the  cost,  which  is  based  on  an  ex- 
perience of  five  years,  and  extracted  from  the  annual 
accounts  of  my  firm,  shows  that  a  ton  of  sulphtir  has  been 
made  for  an  expendituj-e  of  about  61/  per  ton.  In  this 
nothing  is  charged  for  hydrochloric  acid  ;  it  is  usual  to  treat 
hydrochloric  acid  in  this  way  when  used  in  the  manufacture 
of  bleaching  powder,  and  therefore  it  is  the  proper  way  to 
compare  the  results  on  the  same  basis. 

We  may  assume  that  the  Weldon  process  is  the  one  by 
which  bleaching  powder  is  now  almost  universally  made, 
and  that  it  requires  in  the  usual  practice  the  acid  of 
55  cwt,  of  salt  to  20  cwt.  of  bleaching  powder. 
If  we  take  the  lowest  cost  of  bleaching  powder  as  being 

10s.  per  ton, 
and  compare  it  with  sulphur,  when 

36  cwt.  of  salt  yields  20  cwt.  of  sulphur, 
at  a  cost  of,  say  SI.  5s. 

we  have- 
Cost.  Price.  Margin. 

Bleaching  Powder  -    51.  10s.     71.    Os.      11.  10s. 

Sulphiu"        -       -    SI.   5s.      61.  10s.      SI.  5s. 
Or  for  each  one  ton  of  salt  decomposed,  the  profit  obtained 

will  be — 

In  the  case  of  bleaching  powder, 

say  lis., 

While  in  the  case  of  sulphur  it  will  amount  to, 

say  36s., 

A  larger  profit  in  favour  of  the  manufacture  of  sulphur  to 
the  extent  of 

25  s.  per  ton  of  salt 
vised  in  producing  the  acid  required  for  its  manufacture. 

These  figures  will  of  course  be  modified  from  time  to  time 
by  the  market  price  of  the  articles. 

It  will  at  once  be  seen  that  the  manufacture  of  sulphur 
by  this  process  is  a  much  more  profitable  means  of  using 
hydrochloric  acid  than  is  the  manufacture  of  bleacliing 
powder,  and  I  am  of  opinion  that  it  will  long  continue  so, 
because,  in  the  first  place,  Sicilian  sulphur  cannot  be  reduced 
much  below  its  present  price  without  shutting  up  some  of 
the  mines,  and  reducing  considerably  the  production  there  ; 
and  secondl}^  the  eff'ect  of  the  Alkali  Acts  and  recent 
Eoyal  Commission  has  been  to  increase  the  manufacture 
of  bleaching  powder,  and  by  an  excess  of  production  over 
demand,  to  keep  the  price  at  a  point  at  which  ib  is  no  longer 
remunerative  to  the  manufacturer. 

So  far  as  the  question  of  removal  of  nuisance  is  concerned, 
this  process  has  been  amply  successful  in  dealing  with  the 
sulphide  of  calcium  liquors  which  used  to  fiow  into  the 
Clyde  from  our  works  ;  and  on  the  last  occasion  on  which 
a  complaint  of  smell  Avas  made,  it  was  traced  to  the  escape 
of  coal  gas,  which,  owing  to  some  accident  at  the  city  gas 
works,  liad  been  allowed  to  pass  into  the  pipes  unpurified 
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for  some  little  time  ;  the  gas  escaped  into  tlie  sewer,  and  a 
series  of  complaints  of  the  frightful  nuisance  of  those 
chemical  works  was  the  result.  As  the  complaints  came 
not  only  from  the  neighboui'hood  of  the  works  and  the 
sewers  in  connection  therewith,  but  also  from  the  other  side 
of  the  river,  the  town  authorities  traced  the  complaint  to  its 
real  source,  and  exonerated  us  from  all  blame  in  the  matter. 
3rd.  The  third  modification  of  this  process  is  intended  for  use 
when  the  liquors  are  very  weak  in  strength,  say  5°  to  8° 
T  wad  dell,  in  which  case  the  cost  of  fuel  becomes  much 
enhanced. 

It  consists  in  obtaining  a  stronger  solution  of  sulphurous 
acid  by  the  production  of  a  bisulphite  of  lime,  or  at  least  of 
a  solution  of  sulphite  of  lime  in  sulphurous  acid,  which  is 
used  just  as  the  sulphurous  acid  solution  in  the  2nd  modi- 
fication is  employed. 

As  the  old  waste  contains  large  quantities  of  sulphite  of 
lime,  it  is  utiKzed  in  this  modification  of  the  process  by 
grinding  it  in  water  to  a  milk  and  treating  this  with  sul- 
phurous acid  ;  thus  obtaining  a  solution  of  sulphite  of  lime 
in  sulphurous  acid,  and  thus  reducing  considerably  the 
amount  of  sulphur  required  to  form  sulphurous  acid. 

More  hydrochloric  acid  is  of  course  required  by  this 
method,  but  it  has  great  advantages  to  recommend  it. 

There  can  be  no  doubt  that  the  application  of  one  or  other  of 
the  modifications  of  the  "Mactear"  process  to  the  waste  drainage, 
Irom  the  heaps  at  the  great  centres  of  the  alkali  trade,  such  as 
Widnes  and  St.  Helens,  would  reduce  very  greatly  the  nuisance 
complained  of  there. 

The  St.  Helens  manufacturers  have  recently  decided  not  to 
put  any  acid  drainage  into  the  celebrated  Sankey  Brook,  and 
this  will  lead  to  its  utilization  in  one  way  or  another.  The  most 
probable  direction  for  it  to  take  is  that  of  the  manufactui'e  of 
bleaching  powder,  an  article  of  which  I  am  sorry  to  say  there  is 
at  present  a  very  great  over-production. 

Were,  for  instance,  a  combination  of  manufacturers  along  the 
course  of  the  Sankey  Brook  to  collect  the  drainage  liquors,  pump 
them  to  a  convenient  spot  (in  which  my  experience  of  nearly  ten 
years  shows  there  is  little  difficulty),  and  ti-eat  them  with  the 
acid  of  either  one  or  various  works,  obtained  by  arrangement,  I 
am  confident  the  nuisance  complained  of  in  that  district  would 
be  much  reduced,  and  a  handsome  profit  realised  by  the  manu- 
facturers. 

The  result  of  this  method  is  a  drainage  without  colour  and 
scarcely  scented. 

The  Solution  from  the  Waste. 

The  rain  falling  on  tlie  waste  brings  down  oxygen,  and  the 
result  already  mentioned  takes  place,  so  that  we  may  have  a  clear 
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yellow  stream,  or  with  some  iron  a  dark  bluish  one,  which  be- 
comes decomposed  by  the  carbonic  acid  of  the  air,  and  gives  off 
sulphuretted  hydrogen.  If  this  stream  is  not  kept  within 
bounds,  but  allowed  to  overflow  the  fields,  the  acid  rain  falling 
on  such  a  great  surface  still  further  decomposes  the  sulphide,  and. 
more  sulphuretted  hydrogen  is  formed, — a  very  common  occurrence. 
If  a  stream  of  water  containing  acid  meets  this  stream  of  sul- 
phide, the  formation  of  sulphuretted  hydrogen  is  abundant,  and 
the  liquid  becomes  opaque  and  j-eUow  from  free  sulphur.  This 
acid  stream  is  frequently  found  coming  from  chemical  works 
where  muriatic  acid  is  made. 

The  sulphur  solution  is  that  which  nature  has  formed  from  the 
heaps,  and  which  Mr.  Mond  forms  by  mechanical  oxidation ;  at 
least  it  is  so  to  a  great  extent.  It  does  not  contain  the  exact 
amount  of  hyposulphite  to  form  the  decomposition  wanted,  but 
by  a  little  further  oxidation  the  proper  state  may  be  produced. 
The  two  acids,  hyposulphurous  and  hydrosulphuric,  do  not  de- 
compose each  other  when  united  to  the  calcium,  but  if  that  base 
is  removed  the  former  acid  is  decomposed,  leaving  sulphur  to  fall, 
and  sulphurous  acid  to  decompose  the  sulphuretted  hydrogen. 
It  is  on  the  solution  made  by  nature  from  the  heaps  that 
Mr.  McTear  begins  his  process. 


Angus  Smithes  Process  for  treating  Sulphide  Solutions. 

The  process  which  I  proposed  in  1877,  or  earlier,  was  not 
given  to  the  public  till  1879.  However,  the  date  has  been  pre- 
served so  far  that  after  I  had  made  trials  for  about  a  year 
Mr.  McTear  was  good  enough  to  make  an  experiment  for  me, 
and  the  accoimt  of  them  is  dated  8th  August  1878,  (See  Report 
for  1877  and  1878,  p.  38.)  I  say  this  more  particularly  because 
of  some  mistakes  having  been  made  in  this  respect,  and  it 
abundantly  shows  that  I  could  have  taken  the  idea  from  no  one 
in  any  sense.  But  as  ideas  grow  from  their  ancestry,  and  this 
ancestry  I  described  cleai'ly,  I  shall  repeat  the  account  here. 

I  have  already  mentioned  that  the  manager  of  Mr.  Tennant's 
works  told  me  that  he  had  tried  the  burnt  pyrites  for  purifying 
the  solutions  at  the  base  of  the  waste  heap,  and  that  for  a  time 
they  came  through  the  iron  quite  clear  ;  that  he  had  given  up  the 
plan,  however,  as  the  clearness  did  not  continue.  We  know,  of 
course,  that  nothing  will  continue.  The  removal  of  the  sulphur 
from  soluble  sulphides  by  hydrated  oxide  of  iron  has  not  been 
able  to  make  a  successful  process.  The  action  is  slow ;  and  with 
great  quantities  only,  and  by  allowing  a  great  space,  can  it  be 
expected  to  succeed  even  with  the  hydrate.  The  same  slow 
process  must  be  allowed  for  the  re-oxidation,  when  the  iron  will 
be  able  to  begin  its  work  again. 

When  I  saw  from  the  evidence  of  Mr,  Shaw  given  before 
the  Noxious  Vapours  Commission  that  the  drainage  from  the 
heaps  at  the  South  Shields  Works  was  deodorized  by  means  of 
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the  waste  oxide  of  iron  from  the  manganese  solutions,  I  went  to 
examine  the  process.  I  could  scarcel}'^  call  it  a  finished  process, 
since  the  matter  was  merely  thrown  down  and  rarely  stirred,  the 
chief  work  being  left  to  the  air.  I  had  no  faith  in  the  iron  from 
my  former  experience.  I  had  also  tried  manganese  at  the  same 
time,  and  did  not  expect  sufficient  results  from  that.  Something 
new  must  be  added  that  I  had  not  known  before,  and  this  was 
found  in  other  processes,  namely,  blowing  air  through  the  solution 
to  supply  the  oxygen.  It  was  not  intended  to  try  the  chloride 
of  iron  ;  that,  we  knew,  would  act  as  least  by  equivalents  ;  it  was 
known  also  what  chloride  of  manganese  would  do,  since  it  was 
proposed  as  a  disinfectant  by  James  Young,  F.KS.,  and  it  was 
only  necessary  to  try  the  oxide. 

"With  this  in  view,  a  solution  from  the  waste  heaps  was  treated 
with  peroxide  of  manganese,  and  sulphuration  took  place  imme- 
diately, part  of  the  oxygen  of  the  manganese  going  to  form  a 
thiosulphate.  The  mixture  was  shaken  in  a  bottle  with  air,  and 
an  oxide  of  manganese  was  formed,  whilst  sulphur  fell. 

The  process  was  then  complete  in  theory,  and  it  was  desired  to 
make  it  continuous.  This  was  done  in  a  very  simple  manner. 
The  solution  to  be  freed  from  sulphur  was  put  into  a  tall  glass 
vessel,  a  little  of  the  peroxide  of  manganese  was  added,  only 
1^  gramme  to  a  litre,  and  air  was  blown  in.  This  completed 
the  conversion  ;  but  it  was  not  yet  a  continuous  process.  A 
syphon  was  then  added  to  the  vessel,  one  end  reaching  to  the 
bottom,  the  other  being  outside  to  draw  ofi"  the  purified  solution 
whilst  the  fresh  sulphide  entered  above.  This  acted  well,  but 
some  of  the  solid  matter  rose  with  the  liquid  and  was  lost.  The 
mouth  of  the  syphon  was  then  enlarged  by  adding  a  small  in- 
verted funnel  to  it,  and  covering  this  with  calico,  so  that  the 
liquid  came  off"  clean  and  quite  free  from  any  sulphide. 

As  a  sanitary  process  it  is  perfect,  but  is  it  so  as  a  manufac- 
turing process  ? 

The  first  quantitative  trial  was  made  on  a  mixed  sulphide 
of  calcium  obtained  by  heating  lime  milk  with  sulphur.  To 
this  solution  1-025  gramme  of  peroxide  of  manganese  was  added, 
and  air  passed  through.  After  3-^  litres  had  been  oxidized,  the 
precipitate  gave  2-89  grammes  of  sulphur. 

Next  1  gramme  manganese  peroxide  oxidized  9  litres  of  sul- 
phide o£  calcium  solution,  the  precipitate  having  17'5  grammes  of 
sulphur,  or  72-3  per  cent. 

3  9  grammes  peroxide  of  manganese  added  to  waste  liquor, 
or  liquor  fi'om  the  soda  waste  heaps,  containing  17'6  grammes 
of  sulphur  per  litre,  diluted  20  times  or  to  -88  grammes  sulphur 
per  litre  in  sulphide,  and  1"54!  as  hyposulphite,  wavS  oxidized 
continuously  for  three  weeks  and  a  half  The  supply  of  liquid 
was  at  first  ^  a  litre  per  hour,  but  at  last  it  rose  up  to  2  7  litres. 
140  grammes  of  precipitate  were  obtained  containing  77  per  cent, 
of  sulphur.  The  remainder  was  principally  carbonate  of  lime. 
100  litres  altogether  of  the  dilute  solution  were  used,  giving 


107 


67"6  grammes  per  100  litres,  or  108  grammes  of  S  ou,t  of  140  in 
the  original  solution. 

Another  sample  of  drainage  liquor  from  Widnes  gave  '14t 
grammes  from  1*8  litres,  or  only  7  7  per  100  litres. 

The  precipitate  of  sulphur  is  mixed  with  carbonate  of  lime, 
and,  unless  carefully  washed,  some  hyposulphite,  also  with  a  high 
oxide  of  manganese  when  thoroughly  oxidised  by  passing  an 
excess  of  air. 

It  is  not  often,  however,  that  the  exact  numbers  quoted  are 
obtained,  because  some  manganese  remains  with  the  sulphur. 
This  is  no  great  objection  if  the  sulphur  is  to  be  burnt,  as  the 
sulphide  of  manganese  burns  readily,  at  least  when  tried  on  a 
small  scale,  and  leaves  a  porous  friable  mass  which  is  capable  of 
being  used  again,  and  this  could  be  repeatedly  done  were  it  not 
for  the  lime  remaining,  which  gradually  increases.  If  the  lime 
were  removed  by  acid  this  would  introduce  a  feature  which  it 
was  desired  to  avoid,  but  the  amount  of  acid  although  small 
might  be  saved  by  throwing  away  the  whole,  the  manganese 
being  so  small  in  amount  in  comparison  to  the  sulphur  gained. 

It  is  also  to  be  remarked  that  the  process  has  never  succeeded 
in  strong  solutions.  That  which  usually  flows  from  the  heaps 
requires  to  be  diluted  until  the  amount  of  sulphur,  as  in  a  sul- 
phide, is  equal  to  one-tenth  per  cent. 

This  is  an  objection,  as  water  must  be  added  ;  but  it  is  not  a 
great  evil,  since  the  supply  of  fresh  liquor  may  be  proportionately 
small.  It  demands  that  the  vessels  be  larger,  and  necessitates 
more  pumping  than  would  otherwise  be  required. 

The  reason  that  the  process  is  not  successful  in  strong  solutions 
is,  at  least  partly,  that  the  siilphur  is  re-dissolved  as  soon  as 
precipitated.  It  has  abeadybeen  said  that  the  sulphide  dissolves 
sulphur  readily. 

A  sokition  of  sulphide  of  calcium,  sodium,  or  barium  gives 
off  sulphuretted  hydrogen  when  common  air  is  passed  through  it. 
It  is  slowly  oxidized.  Three  hours  were  required  to  destroy  the 
sulphide  of  the  first,  using  a  solution  of  the  same  strength  as  that 
taken  to  compare  the  oxides  of  iron  and  manganese.  The  sulphur 
is  partly  precipitated.  An  experiment  comparing  the  use  of  air 
alone,  and  air  with  oxide  of  manganese,  gave — 

With  air  alone  -       -  -  73 

With  oxide  of  manganese      -  582 

In  the  first  case  sulphuretted  hydrogen  is  given  oflf,  not  in  the 
second. 

Calculation  f 07'  Work  on  a  large  scale. 

Some  idea  of  the  amount  of  work  to  be  done  may  be  estimated 
in  this  manner  :  let  us  suppose  an  acre  to  receive  537,600  gallons 
of  rain  annually  after  deducting  one-third  for  evaporation ;  and 
let  U3  suppose  this  drainage  to  be  of  the  strongest  kind  that  flows 
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from  "waste.  Then,  judging  from  the  size  of  the  vessels  used  on 
a  small  scale,  a  vessel  holding  1,000  gallons  would  be  sufficient  to 
pass  1,200  gallons  through  it  purified  every  12  hours.  This 
would  require  to  be  in  action  for  224  days,  night  and  day,  to 
overtake  the  drainage.  This  is  not  a  supposition  that  strains  us 
much  ;  the  amount  of  sulphur  obtained  from  such  a  solution  as 
is  here  spoken  of  would  be,  according  to  the  longest  experiment 
made,  176  per  cent.,  or  63-36  tons,  equal,  at  61.  a  ton,  to  380Z,, 
to  pay  for  the  working,  an  amount  quite  sufficient  but  not  highly 
remunerative.  In  the  case  of  weaker  solutions  the  amount  of 
sulphur  would  be  less,  but  the  time  required  would  be  less  also. 
Some  of  them  are  weak  enough  to  require  no  dilution.  The 
exact  expense  and  the  settlement  of  the  many  possible  questions 
I  cannot  of  course  foresee. 

Mr,  Weldon  has  used  air  for  oxidising  sulphide  of  iron,  but  not 
manganese  with  sulphides  in  solution,  and  I  may  state  that  I  have 
no  desire  to  take  from  him  the  credit  of  using  air,  although  my 
idea  came  in  the  way  represented. 

The  chief  objection  to  the  process  is  that  the  sulphur  of  the 
hyposulphite  is  not  precipitated.  To  do  this  would  require  the 
aid  of  Mond's  process. 

SulpJiide  of  Barium  with  Oxides  of  Manganese. 

The  action  of  the  manganic  oxides  on  the  caJcium  sulphides 
induced  me  to  try  them  on  barytic  sulphides,  and  here  is  a  result 
with  three  sets  of  experiments. 

The  simple  CaS,  as  obtained  by  decomposing  sulphate  of  lime 
with  C  in  the  fire,  was  found  to  be  dissolved  to  the  extent  of 
1'3  per  cent.  If  allowed  to  stand  free  from  air  no  change  is 
perceived.  If  shaken  with  air  or  peroxide  of  hydrogen  the 
colouring  is  immediate. 

The  result,  at  any  rate  in  the  heaps,  is,  that  by  oxidation  a 
mixture  of  sulphide  and  hyposulphite  is  formed,  but  the  inquiries 
on  the  sulphates  now  show  that  oxygen  may  be  obtained  from 
them  without  the  external  air. 

Glasgow,  8th  August  1878. 

Dr.  Anqus  Smith,  F.RS.,  &c, 

I  HAVE  now  the  pleasure  to  send  you  the  remaining 
details  of  the  experiments  on  the  oxidation  of  the  bog  liquor  by 
air  and  manganese,  regarding  which  I  sent  you  the  details  of  the 
first  experiments  on  the  6th  of  May  last. 

3rd  Experiment. — On  the  oxidation  of  yellow  liquor  draining 
from  3,lkali  waste  by  means  of  a  small  proportion  of  manganese 
oxide. 

Details  of  Ex2)eriment. 

Filled  oxidizing  vessel  f  full  of  water,  added  a  small  quantity 
of  black  oxide  of  manganese  (prepared  by  Dunlop  process),  and 
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turned  on  the  current  of  air  from  a  blowing  engine  ;  kept  a  small 
stream  of  yellow  liquor  constantly  running  into  the  oxidizing 
vessel  at  the  rate  of  about  2  gallons  per  hour. 

At  this  rate  the  air  could  not  quite  oxidize  it  as  it  ran  in ;  but 
as,  for  sundry  reasons,  it  was  only  run  in  during  the  day  while 
the  air  was  kept  on  night  and  day,  the  oxidation  was  complete 
enough  in  the  morning ;  in  fact  in  two  cases  the  manganese  had 
been  raised  to  the  black  colour,  indicating  its  oxidation  to  the 
state  of  peroxide. 

Measurement  of  liquors.  —  The  fresh  liquor  was  carefully 
measured  in  a  cast-iron  cistern  made  specially  for  measuring 
purposes,  and  the  oxidized  liquor  was  also  carefully  measured  in 
a  similar  cistern. 

Each  morning,  after  the  complete  oxidation  of  the  liquor  in  the 
oxidizer,  the  air  was  turned  off,  the  precipitate  allowed  to  settle, 
and  aboiit  ^  of  the  liquor  run  off  and  measured.  A  fresh  amount 
of  liquor  was  then  allowed  to  flow  slowly  into  the  oxidizer,  while 
the  air  was  again  turned  on.  This  alteration  was  carried  on 
until  there  had  been  used  216  gallons  of  yellow  liquor.  Samples 
were  taken  from  each  operation,  and  the  amount  of  the  sulphur 
compounds  estimated.  The  precipitate  was  at  the  completion  of 
the  experiment  washed  and  dried,  and  its  sulphur  contents  also 
estimated. 

The  following  give  the  results : — 

Yellow  liq\ior  used  216  gallons  at  8|°  Twaddell. 

Containing : —  Lbs, 

Sulphur  as  hyposulphite  of  lime  -  I'd 5 

sulphate  of  lime  -  -  "712 

sulphides  of  calcium  -  53*569 


» 


Total  sulphur  -  55-296 


Manganese  used  1 0  lbs.,  containing  68  per  cent.  MnOg  (Dunlop's 
recovered  black  oxide). 

Oxidized  liquors : — 

421-8  gallons  of  4^°  Twaddell. 

(The  specific  gravity  varied  from  1°  in  the  beginning  to  6  4°  at 
the  end  of  the  whole  experiment.) 

Containing: —  Lbs. 

Sulphur  as  hyposulphite,  CaSgOg  -  34'377 

sulphite,  CaSOg  -  -  1-350 

sulphate,  CaSO,!    -  -  '506 


» 


Total  sulphur  -  36-233 
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No  Sulphide, 
Precipitate  :  — 

It  weighed  wet  52  lbs.,  and  contained  : —  Lbs. 

Sulphur  as  sulphate  CaSOi       -  -  1-23.5 

sulphide  MnS    -  -  1-94.0 

free  sulphur          -  -    15  "140 


18-315 


Lbs. 

Total  sulphur  started  with       -  -  55"296 

„  at  finish  of  experi-  Lbs. 

ment  in  solution  36'233 
„  at  finish  of  experi- 

ni  ent  in  precipitate    1 8'3 1 5 

  54-518 


0-648  lbs.  lost. 

This  loss  occurs  by  evolution  of  H2S,  spills  of  liquor,  and 
inaccuracies  in  the  measurement. 

Calculated  on  to  percentage  results  are — 

For  100  parts  of  sulphur  started  with  there  has  been 
obtained — 

In  solution  -  -  -  65-657^ 

In  precipitate  -  -  33-18 

Lost        _         .         -         .  1-17% 


10000 

In  the  precipitate  there  exists — 

As  available  sulphur,  say  for  melting 

out  for  sale         -  -  -  27-3% 

As  sulphide      -  -  -  3-64% 

Lime  : — 

The  lime  CaO  in  the  yellow  liquor  was  equal  to  43*9  lbs.  CaO, 
and  the  CaO  in  oxidized  liquor  amounted  to  37*2  lbs.  The 
difierence  =  G-7  lbs.  CaO  had  been  thrown  down  as  carbonate 
or  sulj)hate.  All  the  lime  as  carbonate  is  equal  to  at  least  two 
equivalents  of  free  sulphur. 

6*7  lbs.  CaO  =  15'26  per  cent,  of  tlie  CaO  in  original 
liquor.  Say  that  the  lime  equals  two  equivalents  o£  sulphur 
6*7  X  32 

— — —  =  7*GG  lbs.  sulphur.    Then,  as  total  sulphur  precipitated 
28 

was  equal  to  18*315  lbs.,  and  the  sulphur  equal  to  loss  of  CaO  in 

liquor  was  equal  to  7-G6  lbs.,  we  have   18'315  lbs —  ~ 

per  cent,  of  the  sulphur  precipitated,  due  either  to  the  formation  of 
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sulphate  or  carbonate  of  lime.  As  the  amount  of  sulphate  is  not 
high,  it  would  seem  as  if  the  CO2  had  done  nearly  as  much  work 
in  precipitating  the  sulphur  as  did  the  oxidation  and  reduction 
of  the  manganese. 

The  amount  of  air  used  was  enormous  compared  with  the 
work  actually  done. 

From  all  the  results  obtained  I  would  be  much  inclined  to  think 
that  if  gases  such  as  those  from  a  chimney  were  forced  through 
DILUTE  yellow  liquors  (perhaps  washing  fiist  to  get  rid  of  acid 
vapour)  the  results  would  be  from  every  point  of  view  much 
more  satisfactory.  I  intend  trying  this,  and  will  report  to  you 
the  results. 

Yours,  in  haste, 

James  MacTear. 


The  amount  of  free  sulphur  obtained  by  Mr.  McTear  is  less 
than  that  obtained  by  me.  He  used  a  large  excess  of  air,  and  this 
seems  to  explain  much.  If  we  use  as  little  oxygen  as  possible 
we  limit  the  amount  of  thiosulphate  formed.  If  we  use  no  air, 
but  only  the  lower  oxide  of  manganese  or  carbonate  of  man- 
ganese, for  example,  we  obtain  with  difficulty  any  result.  Some 
of  the  solutions  have  stood  for  weeks  with  oxide  of  manganese 
Avithout  losing  the  yellow  colour,  but  those  with  carbonate  of 
manganese  are  decomposed  more  rapidly. 

Abstract,    (p.  45  of  Report.) 

MnO,  protoxide  of  manganese,  added  to  the  solution  without 
air,  the  CaSa  is  not  decomposed. 

If  MnOg  or  any  oxide  above  MnO  be  added  the  sulphur  is 
taken  down  rapidly  and  the  calcium  is  oxidized,  but  no  sulphur, 
so  that  no  thiosulphate  is  formed. 

No  sulphurous  acid  or  sulphite  is  formed. 

No  sulphuric  acid  or  sulphate  is  formed. 

If  this  sulphide  of  manganese  is  exposed  to  air  it  becomes 
oxidized,  and  sulphur  is  thrown  out  in  a  free  state. 

If  air  is  passed  through  the  liquid  in  which  the  sulphide  of 
manganese  lies  oxidation  takes  place,  and  oxide  of  manganese  is 
formed,  at  first  white  and  afterwards  dark,  according  to  the  con- 
tinuation of  tlie  current  of  air.  During  this  oxidation  there  is 
hyposulphite  formed  by  the  oxidation  of  part  of  the  sulphur. 

Carbonate  of  manganese  may  be  used  instead  of  oxide. 

If  air  is  passed  through  the  sulphide  solution  by  itself  hypo- 
sulphite is  formed,  and  some  sulphur  is  deposited,  and  the  action 
is  slow,  but  there  is  still  some,  and  BLgS  is  given  off. 

"When  solutions  of  sulphide  of  sodium  were  deoxidized  with 
manganese  (p.  36  of  Report)  a  constant  formation  of  hyposulphite 
of  sodium  took  place. 
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Gas  Lime. 

It  was  then  held  possible  that  the  same  process  might  apply  to 
the  sulphuretted  lime  of  the  gasworks  so  much  complained  of, 
and  it  was  found  that  by  treating  with  water,  and  removing  the 
sulphur  from  the  water  solution  by  means  of  manganese,  there  is 
obtained  a  liquid  quite  free  from  smell,  and  a  considerable  supply 
of  that  sulphur  which  in  part  had  existed  in  the  gas  is  precipitated 
in  a  free  state,  and  will  probably  be  found  extremely  pure. 

Apparatus  used, 

A  drawing  is  given  of  the  apparatus  by  which  the  experiments 
were  made  in  the  laboratory.  I  have  not  made  any  attempt  to  use 
larger  apparatus,  but  I  should  not  suppose  that  it  would  be  weU 
to  imitate  this  particular  form.  It  is  probable  that  a  revolving 
water-wheel  raising  the  fluid  mixed  with  the  manganese  and 
allowing  a  stream  of  gas  to  pass  through  would  present  a  very 
much  larger  surface  than  any  gas  forced  into  the  liquid  in  pro- 
portion to  the  power  applied.  If,  however,  pressure  is  important 
the  advantage  would  be  against  the  wheel ;  and  pressure  is  of 
advantage,  as  the  experiments  show,  if  not  too  expensive. 

Since  writing  the  above  I  have  used  a  small  dash  wheel  to  make 
spray,  and  have  very  much  quickened  the  process. 
^  When  this  was  published  I  received  a  visit  from  Dr.  Storer,  of 
Glasgow,  a  gentleman  whom  I  had  not  seen  before.  His  object 
was  to  show  me  an  apparatus  which  he  considered  well  adapted 
for  mixing  the  air  with  the  solutions  to  be  aerated.  He  had  also 
new  views  regarding  the  substances  which  might  be  aerated. 
He  had  already  been  interested  in  aeration,  and  had  been 
applying  his  knowledge  successfully  to  the  treatment  of  oils,  so 
as  to  make  drying  oils.  He  had  also  been  oxidising  sulphates 
and  chlorides  of  iron  after  adding  lime. 

He  also  spoke  of  applying  the  process  to  the  oxidizing  of 
manganese  in  the  Weldon  process,  and  in  oxidizing  sulphur 
liquors  in  soda  works,  a  purpose  also  laid  down  in  my  report.^ 

This,  of  course,  was  interesting  to  me,  but  I  was  at  the  time 
engaged  in  examining  questions  relating  to  water,  and  it  was 
in  this  department  that  I  was  inclined  chiefly  to  renew  my 
interest. 

Messrs.  Helbig  and  Schaffner's  Process  :  from  Professor 
Lunge's  work  on  "Sulphuric  Acid  and  AlivAli." 

Complete  recovery  of  Sulphur  atid  Lime  from  Tank-waste. 

"  We  shall  conclude  this  chapter  by  describing  in  extenso  the 
new  process  of  Schaff"ner  and  Helbig  (patented  in  England, 
March  9th,  1878),  which,  if  it  succeeds  as  well  in  the  long  run  as 
it  has  done  hitlierto,  seems  destined  to  put  the  final  touch  to 


APPARATUS  FOR  PASSING  AIR  THROUGH  SULPHIDE  SOLUTIONS. 
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Leblane's  process,  since  it  entirely  does  away  with  the  only 
serious  drawback  attached  to  that  process,  viz.,  the  tank  waste. 

"  The  sulphur  recovery  processes  hitherto  in  use  are  based 
essentially  on  oxidizing  the  tank  waste  to  a  certain  extent, 
dissolving  out  the  sulphur  liquor,  and  precipitating  the  sulphur 
by  muriatic  acid.  In  the  best  case,  however,  only  50  to  60 
per  cent,  of  the  sulphur  are  thus  recovered ;  the  other  40  to  50 
per  cent.,  together  with  lime,  form  a  new  waste,  containing  un- 
decomposed  calcium  sulphide  along  with  sulphite  and  sulphate. 
This  new  waste  is  not  a  nuisance  similar  to  fresh  tank  waste ; 
but,  owing  to  its  great  bulk  and  its  very  slight  utility,  it  is  a 
great  burden  upon  alkali  works.  This  will  be  done  away  with 
by  the  invention  of  Schaffner  and  Helbig,  which  recovers  by  far 
the  greatest  portion  of  the  sulphur  and  also  the  lime. 

"  It  is  chiefly  based  on  : — 

"  (a.)  The  applicability  of  magnesium  chloride,  hitherto  not 
employed  in  the  arts,  to  decomposing  calcium  sulphide,  thus : — 

"  I.  CaS  +  MgCl,  +  KoO  =  CaCls  -f  MgO  +  H^S 

(calcium  carbonate  not  being  acted  upon  by  MgCL). 

"  (&.)  The  recovery  of  the  magnesium  chloride  by  exposing  the 
I'esidue  from  the  first  operation  (consisting  of  magnesia,  calcium 
chloride,  and  the  impurities  of  soda-waste),  after  driving  off  the 
US  to  the  action  of  carbonic  acid,  by  which  calcium  carbonate 
and  magnesium  chloride  are  formed,  thus  : — 

"  II.  MgO  +  CaCl^  +  CO2  =  MgCL,  +  CaCOg. 

A  portion  of  the  magnesium  chloride  can  be  replaced  by  the 
simultaneous  action  of  muriatic  acid,  by  which  the  separated 
magnesia  is  always  dissolved  again,  and  again  becomes  active. 
This  reaction  might  be  aj)plied  where  an  excess  of  muriatic  acid 
is  obtained,  and  at  the  same  time  yields  calcium  chloride  in  case 
the  latter  is  not  got  otherwise  as  a  by-product.  In  this  case  the 
mud,  after  being  treated  with  boiling  water,  is  allowed  to  settle, 
and  a  corresponding  portion  of  the  clear  CaCla  hquor  is  drawn 
off.  Of  course  the  action  of  CO2  can  only  recover  as  much  CaCOg 
as  corresponds  to  the  MgClj  employed. 

"  (c.)  The  sulphuretted  hydrogen  escaping  in  the  first  opera- 
tion is  transformed  into  sulphur  by  means  of  sulphurous  acid  : — 

"III.  2H2S  +  SO2  =83  +  ^H.O. 

Ordinarily  this  reaction  does  not  take  place  as  smoothly  as  the 
formula  would  indicate,  but,  as  we  have  seen  before,  large  quan- 
tities of  pentathionic  (or  tetrathionic)  acid  are  formed  ;  and  it 
would  fail  to  be  available  in  this  case,  as  it  has  done  in  all 
previous  cases,  unless  Schaffner  and  Helbig  had  discovered  apian 
for  preventing  to  a  great  extent  the  formation  of  pentathionic 
acid,  or,  if  the  latter  has  been  formed,  precipitating  the  sulphur 
from  it.  This  consists  in  the  application  of  solutions  of  calcium 
or  magnesium  chloride,  also  of  other  mineral  salts  and  acids. 
Q  7516.  H 
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If  aqueous  solutions  of  H,S  and  SO,  are  mixed  m  the  propor- 
tions expressed  by  the  above  equation,  a  mi  ky  liquid  is  formed, 
f  cm  which,  by  addition  of  a  solution  of  calcium  or  magnesium 
diloride,  a  flaky  readily  settling  precipitate  is  obtamed,  which 
corresponds  to  the  theoretical  quantity.  An  excess  of  one  gas 
or  the  other  is  found  unchanged  in  the  hquxd,  and  does  not 
interfere  with  the  reaction.  It  is  not  known  what  part  the 
chlorides  play  in  this  case,  but  so  much  is  certain,  that  an 
amount  of  CaCl,  or  MgCl,  equivalent  to  the  total  sulphui'  is 

'■'^'The 'oreatest  impediment  to  the  appUcation  of  the  mutual 
decomposition  of  H,S  and  SO,,  which,  even  more  than  the  forma- 
t\on  of  polythionic  acids,  had  baffled  all  previous  endeavours  m 
this  dilution,  was  the  milky  state  in  which  the  ^"Ip^;^  is  P^^^^^^ 
pitated  which  prevents  its  separation  of  subsidence  or  filtiation 
This  S  completely  obviated  by  the  employment  of  solutions  of 
salts  (as  stated  above),  which  is  the  most  important  featui'e  ot 

*H  MgCrobtained  in  the  second  operation  is  employed  for 
decomposing  new  quantities  of  tank-waste,  and  the  calcmm 
carbonate  in  the  black  ash  mixture. 

"The  operations  are  practically  earned  out  as  foUows:  the 
decomposition  of  tank-waste  by  magnesium  chloride  takes  place 
in  a  W  air-tight  iron  vessel  provided  with  an  agitator,  with 
LwnceT  foi^  charging  and  discharging  the  materials  ga. 
dehvSy  pipes,  &c.      Here  the  mixture  is  exposed    o  heat^ 
Ethei  the  taJc-wasteis  gradually  introduced  into  a  charge  of 
M^Cl  or!inversely,  the  MgCl,  solution  is  run  upon  the  waste  or 
fo&e  simJltaneLly  introduced  in  equivalent  proportions.  The 
ov^+l«  mist  be  so  arranged  that  the  operation  can  be  arrested 
Ta  momeS^fno^^^^^^        should  any        be  able  to  escape  into 
the  ah    This  is  prevented  by  producing  a  draught  from  without 
by  means  of  a  chimney,  fan-blast,  or  pump,  and  by  always  keep- 
W^n  excess  of  SO,  in  the  decomposers  over  and  above  that 
co?re%oXg  to  the  Arriving  H.S,  so  that  the  latter  can  never  be 
i^xcesr  According  to  Stingl  and  Morawski  this  process  is  to 
beSplahied  thus:  first  magnesium  chloride  and  calcmm  sulphide 
decompose  into  calcium  chloride  and  magnesium  sulphide ;  the 
latte'at  once  reacts  upon  the  water  present,  magnesium  hydi-ate 
and  sulphuretted  hydi'ogen  being  formed 

"The  cinders  and  other  impurities  of  ^^J^^^^^^f 
removed  from  the  residue  remaining  after  the  just  cles™a 
removea  iium  recovered  lime,  because 

treatment.    They^^^^^^  ^^^^       ^i^^^-ash  mixing. 

^t:t::Savior  ana  coarser  «...  tho  ^8™^  ^„  »  « 
tat  operation  ^ '^^1 ^L  J^TtZ  v^rim  is  now 
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the  taagiiesium  chloride  and  calcium  carbonate  as  previously 
mentioned.  The  way  in  which  this  is  done  will  be  apparent 
from  the  subsequent  description  of  the  apparatus. 

"  The  sulphuretted  hj'drogen  from  the  first  operation  is  now 
brought  into  contact  with  sulphurous  acid  and  a  solution  of 
calcium  or  magnesium  chloride,  which  can  be  done  either  in  tubs 
or  towers.  In  the  latter  case  the  HgS  should  be  introduced  at 
the  bottom  of  the  tower,  the  SOg  a  little  higher  up.  The  preci- 
pitated sulphur  settles  down  with  striking  rapidity,  owing  to  the 
action  of  the  chlorides  ;  it  is  separated  from  the  liquid  by  decan- 
tation  or  filtration,  and  the  same  solution  used  over  and  over  and 
over  again  for  running  down  in  the  tower.  The  gas  pipes  must 
be  easily  accessible  from  without,  for  rapid  cleaning.  The  requisite 
SO2  is  made  by  burning  pyrites,  sulphur,  or  sulphuretted  hy- 
drogen, or  taken  from  any  metallurgical  process;  it  is  either 
conveyed  directly  into  the  decomposer,  or  first  condensed  in  an 
ordinary  acid  condenser  to  a  solution  of  SOg  in  water,  or  in  a 
solution  of  CaCl,  or  MgCk. 

"  This  process  is  applicable  not  merely  to  tank- waste,  but  also 
to  calcium  or  barium  sulphate  after  their  previous  reduction  to 
CaS  or  BaS  ;  it  also  permits  the  utilisation  of  the  SO2  evolved  in 
many  metallurgical  operations.  Its  advantages  are :  it  is  easy 
and  safe  in  its  execution  ;  the  working-up  of  the  tank-waste  costs 
much  less  time  and  wages  than  hitherto  ;  at  least  90  to  95 
per  cent,  of  the  sulphur  contained  in  the  waste  are  recovered,  as 
against  50  to  60  per  cent. ;  80  per  cent,  of  the  total  lime  are 
recovered  as  calcium  carbonate  adapted  for  black-ash  mixing. 
The  CaCls  and  MgCIg  are  all  recovered  except  the  unavoidable 
mechanical  losses,  which  can  be  made  very  small ;  in  any  case 
they  are  as  nothing  compared  with  the  saving  in  wages  and  in 
the  muriatic  acid  required  in  the  processes  hitherto  employed. 
If  the  requisite  SO^  is  made  from  pyrites  the  production  of  sul- 
phur can  be  increased  by  50  per  cent,  over  and  above  that 
recoverable  from  the  waste.  The  ultimate  residue  only  amounts 
to  about  20  per  cent,  of  the  fresh  waste,  thus  saving  a  great  deal 
in  carriage  and  depositing  ground." 

Some  Kesults  of  the  Study  of  Waste. 

The  question  now  arises,  what  result  or  advantage  to  the 
public  will  result  from  using  any  of  these  processes  ? 

1st.  It  is  clear  that  streams  of  yellow  liquid  giving  out 
sulphuretted  hydrogen  may  be  converted  into  streams  quite 
innocent,  in  a  sanitary  point  of  view,  so  far  as  the  effect  on  the 
atmosphere  is  concerned. 

A  sub-question,  however,  arises,  is  it  possible  to  apply  the 
plan  to  streams  containing  very  little  sulphur  unless  at  an 
unreasonable  expense  ?  On  this  point  it  may  be  considered 
enough  to  say  that  it  is  not  well  to  begin  our  reforms  with  the 
most  innocent,  let  us  begin  with  the  larger  evils.  It  is  certaia 
that  in  many  places  small  streams  may  be  made  to  run  together 
Q  7516.  I 
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and  form  a  large  one,  and  this  may  be  treated  as  one.    I  am  not, 
however,  inclined  to  say  that  it  is  necessary  to  have  any  streams 
at  all  from  the  waste  heaps.    I  may  say,  as  ah-eady  said,  that  it 
a  well  were  dug  in  the  middle  of  a  heap  the  drainage  would  go  , 
into  that  weU  so  long  as  it  was  properly  pumped.    The  rainiall 
would  <^o  inwards,  instead  of  outwards  as  at  present,  and  the 
heap  as  well  as  its  drainage  would  be  innocent.    There  is  no 
doubt  of  this,  it  is  a  certainty.    Let  us  suppose  cases  where  the 
heaps  are  large  and  the  drainage  great,  as  at  St.  Helens;  we  have 
only  to  use  the  method  proposed,  and  we  cease  at  once  to  aUow 
any  yellow  liquid  to  flow  into  the  river,  but  we  obtain  the 
sulphur  in  a  profitable  form.    The  manufacturers  have  imagined 
that  they  invented  something  valuable  when  they  removed  the 
acid  from  the  brook  at  St.  Helens,  but  the  evil  is  only  slight  y 
diminished.    The  brook  does  not  smell  so  badly,  but  it  does  smell, 
and  as  to  appearance  it  is  worse,  whilst  its  efi-ect  on  land  cannot 
be  much  altered.    This  coUective  mode  of  treatmg  the  drainage 
from  the  waste  will  make  the  heaps  give  up  some  ot  their 

In  cases  where  this  collective  action  is  not  requned  the  sanie 
of  course  may  be  done  by  individuals :  but  in  such  cases,  and, 
indeed,  in  all  cases,  the  question  arises,  whether  it  would  not  be 
better  to  treat  the  tank  waste  beforehand  and  take  out  the 
sulphur  before  it  reaches  the  heap.  The  various  modes  of  doing 
this  may  be  studied.  I  am  not  sure,  of  course,  how  far  the 
newer  plans  are  to  be  recommended,  which  have  not  been  tried 
on  a  large  scale,  and  none  of  the  alkali  makers  have  been 
pioneers  of  late,  Mr.  Chance  excepted;  but  Mr  Monds  plans 
are  well  known,  and  they  are  now  so  well  tried  that  proof  is 

""XtwTknow  enough  to  say  that,  with  aU  these  facts  together, 
there  is  no  reason  for  aUowing  waste  and  drainage  to  be  lett  to 
their  natural  and  oflfensive  decompositions. 

This  is  perliaps  scarcely  the  place  to  enter  very  fully  on  the 
plans  for  cLrying  out  the  new Alkali,  &c^  Works  Regu  ation 
Act"  but  so  far  as  our  streams  are  concerned  it  is  necessary  to 
fpeak  of  the  subject  here,  and  it  may  from  this  find  its  way  to 

the  alkali  makers  also.  „ ,    .     j  +o,-,i.- 

It  seems  to  be  certain  that  no  mode  of  laying  down  fresh  tank 
waste  has  succeeded  in  avoiding  offence.  I  must  say,  attei 
Tbundant  experience,  that  every  method  tried  has  been  a  decided 
Lilure  The  offences  have  been  twofold;  one  is  by  sending 
gases  direct  into  the  air,  the  other  by  sending  solu  ions  from 
the  heaps,  hurtful  as  solutions  and  ready  themselves  also  to  send 
sulnhuretted  hydrogen  into  the  air.  i  „„ 

Se  there  no  exceptions  to  this  rule?    There  may  }.e  p  ac- 
tically  ;  that  is,  there  are  a  few  places  where  the  waste  is  la  d 
in  pis  not  observed.    These  cases  injure  no^  one  at  present 
it  is  not  possible  to  say  when  they  may  cause  injury    ^^^<;  ^an 
not  tell  into  what  unlikely  places  men  may  take  their  habitations, 
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or  what  horrors  may  be  caused  by  some  day  finding  that  housea 
had  been  built  on  waste  from  which  there  was  no  drainage,  and 
which  had  remained  long  imoxidised.  We  have  no  right  to 
spoil  ground  for  our  posterity  ;  at  least,  if  we  have  a  legal  right, 
it  is  not  a  humane  act  to  exercise  it. 

But  some  of  these  places  may  be  so  situated  that  drainage 
comes  from  them ;  in  which  case  oxidation  goes  on,  and  perfect 
innocence  of  ground  will  follow,  such  cases  being  common.  The 
answer  is,  certainly  this  is  true,  but  this  drainage  is  an  oflEensive 
sulphureous  solution,  and  if  it  flows  away  must  be  objectionable  ; 
if  it  is  retained  it  may  remain  long  unchanged,  as  stated  above. 
If  it  is  allowed  to  flow,  can  it  do  so  without  being  a  nuisance  ? 
Such  cases  may  exist,  but  they  must  be  few. 

Is  the  mode  of  covering  heaps  with  soil  not  sufficient  1  I  have 
never  seen  it  done  well,  and  on  inquiry,  I  meet  so  many  objec- 
tions that  I  do  not  expect  it  to  be  done  so  well  as  to  be  a 
complete  remedy  for  untreated  waste. 

It  has  been  lately  a  favourite  belief  of  alkali  makers  that  the 
waste  should  be  patted  down ;  it  was  once  a  favourite  belief  that 
it  should  be  put  in  small  heaps  ;  one  is  to  prevent  oxidation,  the 
other  to  hasten  it.  But  neither  have  been  fully  successful, 
judging  by  the  senses  or  by  any  way.  Covering  would  do 
very  well,  if  it  were  done  very  completely.  If  no  oxygen  is 
allowed  to  enter,  then  combustion  does  not  begin ;  and  this 
result  might  be  obtained  by  digging  deep  pits,  and  putting  the 
waste  into  them,  as  has  been  done  in  some  places.  But  in 
nearly  aU  cases  this  would  be  too  expensive.  There  are, 
however,  cases  in  which  considerable  depth  can  be  obtained 
without  inordinate  expense,  and  I  have  seen  this  used  without 
offence.  It  is  probable  that  a  very  small  depth  would  be 
enough  if  the  soil  were  immediately  put  over  the  waste,  but 
it  must  be  done  at  once ;  any  delay  in  putting  on  the  soil  allows 
the  heating  to  begin.  Still,  any  mode  of  laying  the  soil  without 
previous  desulphurising  renders  a  careful  mode  of  drainage  quite 
essential,  unless  in  cases  where  the  waste  is  thrown  so  deep 
that  the  drainage  never  reaches  the  surface.  If  well  beaten  down 
it  is  probable  that  it  would  lie  in  a  deep  pit  for  ages  unaltered. 

Unless  in  cases  where  the  waste  (or  let  us  call  it  the  sulphides 
of  calcium,  since  it  ought  not  to  be  waste)  is  put  out  of  the  reach 
of  oxidation  and  drainage,  we  must  make  up  our  minds  to  let 
nature  partially  oxidize  it,  or  we  must  do  it  ourselves.  After 
oxidation  the  liquid  must  be  treated  to  remove  the  sulphur. 
There  is  a  choice ;  there  is  no  monopoly  of  method  ;  and  more 
than  one  method  pays  at  least  its  own  expenses,  and  at  times  is 
said  to  do  a  great  deal  more. 

I  have  objected  to  the  mode  of  laying  down  the  waste.  It  is 
not  sufficient  to  pat  it  as  usually  done,  simply  because  it  is  never 
done  well  enough  to  destroy  its  porosity.  It  is  possible,  perhaps. 
It  is  also,  as  said,  possible  to  cover  it  over  with  earth  sufficient  to 
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keep  out  air,  but  it  is  not  desired  to  keep  out  air  so  entirely  that 
the  stream  from  it  is  not  partially  oxidized  and  of  a  bright 
yellow.  The  monosulphide  is  very  slightly  soluble  or  coloured, 
and  without  oxidation  we  should  have  it  permanent. 

In  one  of  my  reports  I  have   shown  (the  l^th  +  15  th 
Report,  p.  41)  that  sulphide  of  calcium  decomposes  sulphate  of 
lime,  and  intermediate  products  are  formed.    This  is  abundantly 
proved  by  the  inquiries  made.    Now,  it  seems  to  me,  but  it  is 
only  a  proposal,  that  it  would  be  a  possible  way  of  applying  this 
knowledge  to  mix  up  the  old  waste  with  the  new  at  the  time 
of  laying  it  down.    How  much  of  each  I  do  not  know.  The 
result  would  be,  as  I  suppose,  that  the  new  waste  would  not  heat 
so  rapidly,  because  it  would  be  exposed  to  cool  surfaces.  But 
it  is  probable  that  a  part  would  oxidize  nearly  as  rapidly,  whilst 
the  heat  produced  would  be  thrown  out  or  dispersed  at  a  lower 
temperature,  because  being  dispersed  throughout  a  greater  mass. 
Next,  the  action  of  the  sulphides  would  be  to  begin  oxidizing 
themselves  at  the  expense  of  the  sulphates  and  sulphites,  and 
thus  there  would  be  less  air  required  or  used  for  oxidation,  whilst 
the  oxidation  which  was  caused  by  the  oxygen  salts  would  not 
produce  heat,  as  there  would  be  a  simple  interchange  with  no 
diminution  of  the  volume  of  oxygen.    I  must  add,  that  a  trial 
made  of  this  for  me  by  Mr.  Henry  Brunner  has  not  been 
successful. 

It  would  be  well  to  make  a  complete  trial  of  this  plan.  ^  It 
certainly  would  cause  some  expense,  because  the  manipulation 
of  the  old  waste  would  require  to  be  paid  for ;  it  would  be 
rough  work,  although  probably  less  expensive  than  the  present 
metbods  of  oxidizing.  However,  the  only  real  cure  is  to  lay 
down  no  waste  tiJl  the  sulphur  is  removed,  and  to  this  we  must 
rapidly  come. 

This  report  may  be  said  to  be  chiefly  on  the  Value  of 
Oxygen  in  destroying  putrefaction,  in  oxidizing  impurities  of 
nearly  all  kinds,  and  of  course  in  preserving  water  and  air  from 
the  unwholesome  agencies  to  which  they  are  exposed. 

R.  ANGUS  SMITH. 

August,  1881. 
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APPENDIX. 


December  1881. 
Havinor  visited  the  works  of  Messrs.  Schaflfner  and  Helbiff  at 
Aussig,  I  may  mention  that  I  brought  away  a  specimen  of  the 
waste  after  treatment  there  by  Mond's  process.    The  analysis 
gave — 

Waste  from  Aussig. 

Sulphur  as  Sulphide       -  0  09  % 

Thiosulphate  -  3-64 

Sulphite       -  072 

Sulphate       -  0-84 


5-29 

Total  sulphur  (direct  oxidation)  =  5 '40 

Another  Treatment  of  "  Yellow  Liquors.'* 

Wlien  examining  the  action  of  steam  and  air  I  found  that  so 
much  sulphur  was  oxidised  that  hyposulphite  was  formed.  The 
plan  was  abandoned. 

It  was  also  found  that  with  strong  or  hot  solutions  above 
130°-140°  F.,  the  sulphur  was  dissolved  when  it  was  thrown 
down  in  the  manganese  process. 

On  p.  34  of  my  14th  and  15th  combined  report  it  is  said: — 

"  This  solubility  of  the  sulphur  applies  also  to  strong  solutions 
of  caustic  soda  and  potash,  so  that  an  attempt  to  precipitate  from 
them  will  fail  unless  care  is  taken  to  pour  them  into  a  weak 
solution  in  which  the  manganese  oxide  is  acting,  and  at  such 
speed  as  to  keep  up  a  constant  moderate  strength. 

"  But  the  solubility  may  be  taken  advantage  of  in  makino- 
hyposulphite  of  soda,  because  if  a  hot  solution  of  caustic  soda 
is  used  and  an  excess  of  sulphur,  the  sulphur  will  dissolve  as 
soon  as  precipitated,  and  at  every  precipitation  and  solution 
some  will  be  oxidised  until  the  whole  is  converted  into  hy]DO- 
sulphite  of  soda. 

"  A  similar  experiment  was  tried  with  the  waste  itself  so  as  to 
convert  all  its  sulphide  of  calcium  into  hyposulphite,  but  the 
action  was  slow  and  unsatisfactory,  the  reason  being  in  the 
insoluble  character  of  the  monosulphide.  Still  T  think  this  might 
be  made  to  succeed  if  it  were  desirable." 

I  had  tried  therefore  hot  solutions  as  well  as  aeration  without 
manganese,  but  Mr.  Dryden,  at  the  works  of  Messrs.  Chance,  has 
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brought  forward  a  plan  wliich  carries  out  Mond's  process  by 
using  -warmed  solutions,  and  thus  takes  advantage  of  the  for- 
mation of  hyposulphites. 

By  partially  oxidising  the  yellow  solutions,  and  then  adding 
hydrochloric  acid,  sulphur  is  thrown  down.  This  is  unquestion- 
ably a  valuable  process  when  acid  can  be  had  cheaply.  I  leave 
him  to  describe  it  in  his  own  words.  It  is  the  latest  phase  of 
the  sulphur  process. 

Messrs.  Chance's  Alkali  Works,  near  Birmingham. 

Treatment  of  Yellow  Liquors  to  render  them  innocuous,  and  to 
recover  the  Sulphur  contained  in  them. 

The  question  of  the  best  method  of  treating  yellow  liquors 
having  become  an  urgent  one,  and  hydrochloric  acid  being 
available  for  the  purposes  of  such  treatment,  I  naturally  proposed 
neutralisation  by  this  means,  the  collection  of  the  precipitated 
sulphur  by  filtration,  and  the  running  off  of  the  clear  and 
innocuous  filtrate.  The  large  quantity  of  sulphuretted  hydrogen 
evolved  I  proposed  to  burn,  the  resulting  sulphurous  acid  to  be 
carried  into  the  chambers,  arrangements  for  this  process  being 
already  in  existence  in  the  works. 

But  it  seemed  to  me  that  it  would  be  much  more  satisfactory 
if  the  yellow  liquor  process  could  be  made  complete  in  itself,  and 
to  this  end  it  became  necessary  to  prevent  the  evolution  of 
sulphuretted  hydrogen  gas,  and  to  procure  the  whole  of  the 
sulphur  in  the  solid  form  of  a  precipitate.  This  result  was,  of 
course,  quite  attainable  if  the  liquor  could  be  made  to  contain  a 
quantity  of  hyposulphite  of  calcium  in  proportion  to  its  sul- 
phides, sufficient,  on  the  addition  of  acid  in  slight  excess,  to 
bring  about  the  reaction  upon  which  Mond's  iDroeess  depends, 
that  is,  the  complete  precipitation  of  the  sulphur. 

Oxidation  by  means  of  a  stream  of  air  having  in  Mond's  case 
when  applied  to  moist  vat  waste  brought  about  the  result  he 
desired,  I  proceeded  to  try  the  effect  of  passing  a  stream  of  air 
through  the  yellow  liquor,  but  after  continuing  this  experiment  for 
a  great  many  hours  the  desired  end  was  not  achieved.  More- 
over a  considerable  quantity  of  sulphuretted  hydrogen  was  given 
off.    This  experiment  was  made  with  cold  liquor  and  cold  air. 

i  next  proceeded  to  repeat  the  experiment,  accompanying  the 
stream  of  air  with  a  jet  of  steam  blown  into  the  liquor,  and  I 
found  that  the  liquor,  being  thus  kept  hot,  had  alter  several 
hours  blowing  and  steaming  assumed  a  condition  which  per- 
mitted the  precipitation  of  its  sulphur  on  addition  of  acid,  with- 
out any  evolution  of  sulphuretted  hydrogen  gas,  and  found  too 
that  the  quantity  of  sulphuretted  gas  given  off  durmg  the 
oxidation  was  so  inappreciable  as  to  be  in  no  way  offensive  ;  and, 
as  to  the  constitution  of  the  liquor  before  and  after  blowing,  I 
found  that  two  corresponding  portions,  tested  for  prccipitable 
sulphur  at  the  beginning  and  the  end  of  the  operation,  gave  one- 
fifth  more  in  the  latter  case  than  in  the  former. 
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"  Experiments  made  with  known  quantities  of  acid-  gave  a  yield 
of  siilphur  at  the  rate  of  one  ton  sulphur  for  less  than  50  cwt,  of 
acid  at  28°  Tw. 

The  operations  having  been  removed  to  their  present  site,  a 
powerful  Kortiug's  blower  was  introduced,  and  the  mixing  of  the 
liquor  and  the  acid  is  now  effected,  after  about  three  nours' 
blowing  of  the  liquor,  without  the  slightest  trace  of  sulphuretted 
hydrogen  being  liberated ;  in  fact  the  only  escape  from  the 
mixing  vessel  is  of  quite  another  character,  consisting  of  a  little 
sulphurous  acid  arising  from  decomposition  of  hyposulphite,  in 
excess  of  what  is  necessary  for  the  reaction.  This  formation  of 
excess  of  hyposulphite  (by  overblowing)  is,  indeed,  the  chief 
thing  to  be  guarded  against  in  the  process,  being  followed,  as 
I  find,  by  the  formation  in  the  sulphur  precipitate  of  an  undue 
proportion  of  insoluble  lime  salts,  one  sample  tested  having 
contained  as  much  as  13  per  cent,  of  fixed  residue.  Ordinarily 
the  proportion  does  not  exceed  3,  and  has  been  as  low  as  0"75 
per  cent. 

The  batch,  as  soon  as  mixed,  is  run  straight  into  wooden 
boxes  lined  with  canvas,  in  which  the  sulphur  is  deposited,  the 
chloride  of  calcium  liquor  draining  off",  and  then  passing  through 
a  tank  containing  crushed  limestone,  by  which  any  free  acid  is 
neutralised,  and  thence  into  the  canal. 

I  ought  to  mention  that  Messrs.  Chance  are  making  the  only- 
complete  trials  of  Messrs.  Helbig  and  Schaffner's  process  that 
I  know  of.  The  production  of  the  sulphuretted  hydrogen  and 
its  combustion  are  a  complete  success.  As  to  the  rest,  I  have 
not  full  results  to  record. 

Supply  of  Sulphur. 

I  have  in  this  report  and  on  a  former  occasion  spoken  of 
digging  deep  Avells  in  the  mounds  at  St.  Helens,  and  causing  all 
the  yellow  drainage  to  run  into  them  instead  of  into  the  rivers. 
I  find  that  Messrs.  Chance  are  treating  a  mound  close  to  their 
works  at  Oldbiuy  in  this  manner,  and  removing  the  sulphur 
from  the  yellow  liquid  obtained.  This  is  the  true  method  of 
relieving  the  streams,  and  preventing  the  evil  arising  from  old 
waste  heaps.  New  waste  heaps  may  be  treated  much  more 
efiectually. 

After  considering  all  the  methods  now  known,  I  see  no  reason 
why  a  very  large  amount  of  sulphur,  which  is  wealth  and  power, 
ought  not  to  be  saved  to  the  country.  Enormous  quantities  of 
waste  are  thrown  away  daily.  It  is  difiicult  to  find  room  for 
the  great  masses,  which  are  unsightly  and  for  a  long  time  un- 
pleasant. They  destroy  land  and  every  pleasant  property  of  air, 
water,  and  landscape,  besides  causing  illness  in  many  cases. 
So  useless  is  this  matter  held  that  it  is  taken  out  in  steamboats 
built  for  the  purpose,  or  dragged  out  in  barges  down  the  Tyne,  to 
the  ocean,  where  it  is  thrown  out.  The  great  sea  does  not  allow 
us  to  observe  tlie  movements  of  the  waste,  but  we  do  not  know 
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if  such  a  finely  divided  mass  may  not  be  easily  driven  on  some 
part  of  the  shore,  affecting  the  harbour.  At  any  rate  it  is  an 
outcast  product,  and  its  15  per  cent,  of  sulphur  is  thrown  away. 
"We  may  say  that  all  the  sulphur  used  on  the  Tyne  is  thrown 
into  the  sea  after  it  has  done  its  first  work,  heedless  of  the  fact 
that  it  cannot  be  destroyed,  and  is  quite  willing  to  do  the 
same  work  again  if  it  is  only  brought  back  to  its  original 
condition,  or  rescued  from  its  bondage.  This  rescue  certainly 
promises,  and  more  than  that  it  makes,  profit. 
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